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CHAPTER I. INTRODUCTION 
American agriculture is continuing to expand crop production to 
meet increasing domestic demands and to compete in world markets on 
a larger scale. As the population grows and per capita disposable 
incomes rise in the United States, consumers are demanding more live­
stock products. An increase in livestock production leads to an 
increase in the grains needed for this production. The world popula­
tion is growing much faster than the United States population. In 
many countries the per capita disposable incomes are also increasing. 
In recent years, the United States has been heavily relied upon to 
export grains when foreign productions fell short of foreign demands. 
While increasing crop production, the American farmer has been 
changing his input mix. Long-run trends have shown that agriculture 
is using less labor as the industry becomes more capital intensive. 
Farmers are continuing to adopt new production technology and to 
utilize more efficient inputs. Expanded crop production in recent 
years has necessitated the usage of land once retired under federal 
farm programs. 
Fertilizer usage has played a major part in achieving the 
increases in crop production. With a land supply that is nearly 
fixed, American farmers have steadily increased their fertilizer 
consumption when fertilizer prices and crop prices were favorable. 
The substitution of fertilizer for land was essential for expanded 
crop production when compliance to federal farm programs forced farmers 
to retire land from crop production. Recent increases in land prices 
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could again force farmers with limited money to substitute fertilizer 
for land while increasing production. 
This chapter contains a discussion of the changing input mix in 
American agriculture with primary emphasis on fertilizer usage. This 
presentation is followed by a discussion on fertilizer usage in the 
United States. Next, the fertilizer situation in 1980 is explored. 
Finally, the objectives of the study are stated. This study is con­
cerned with the effects of fertilizer usage and alternative crop 
export levels on both farmers and consumers in 1980. 
Changes in Input Usage 
American farmers are constantly exposed to newly developed inputs 
and technology as well as improvements in the productiveness of 
existing inputs and production methods. Heady (5, p. 803) has 
categorized technical innovations as either factor-saving, factor-
using, or output increasing. Some innovations could combine the 
factor-using or factor-saving features with the output-increasing 
features. Improved hybrid seeds are output-increasing if the same 
seeding rate is used while yield increases. An improved tractor would 
be a factor-saving innovation if the tractor resulted in a smaller 
cash outlay or a smaller quantity of steel in producing the same 
output. Improved fertilizer formulas could be both factor-using and 
output-increasing. A formula that increases yields from a given mix 
of raw resources is output-increasing. If the higher yields result in 
lower production costs and farmers apply more fertilizer, the improved 
fertilizer formula would also be factor-using. For some inputs, the 
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usage on Individual farms could result in different outcomes. 
Artificial insemination can be both factor-saving and output-Increasing 
if the semen upgrades the cow herd compared to the bulls being replaced. 
If artificial insemination did not upgrade the cow herd, the practice 
would be only factor-saving because of the bulls being replaced. 
In the past 20 years farmers have changed their input mix in 
response to the improvements in factor quality and relative prices 
of the factors. As shown in Table 1, farmers have reduced labor and 
land usages from 1955 through 1973. During this period the usages 
of machinery, fertilizer and lime, and all other inputs have Increased. 
Compared to 1950, labor usage in 1973 is 55 percent lower and land 
usage has fallen 9 percent. The 1973 usages of machinery, fertilizer 
and lime, and all other inputs are 30 percent higher, 288 percent 
higher, and 61 percent higher than 1950 levels, respectively. If 
primary nutrients are used as the criterion for determining fertilizer 
usage, the 1973 figure would be 5.19 times the 1950 figure (22, 32). 
Relative prices of different farming inputs are presented in 
Table 2. The preliminary wage rate for 1974 is 3.28 times the 1950 
level. Farm machinery prices have steadily increased since 1955 with 
the preliminary 1974 price at 2.57 times the 1950 price. Land values 
show the largest price increase from 1955 through 1974, a 368 percent 
increase. Fertilizer prices have Increased more than the preliminary 
figure for 1974 would indicate. Data found in Agricultural Prices Annual 
Summary 1974 (40) show that the 1974 fertilizer price is 2.07 times the 
1950 price. Using 1967 as a base, figures for September and October of 
1975 indicate that fertilizer price changes are close to the price changes 
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Table 1. Indices of farm input usage, 1955-73^  
Mechanical Fertilizer 
Farm real power and and liming All other 
Year Labor estate machinery materials inputs 
(1950 = 100) 
1955 85 100 115 140 110 
1956 80 97 116 138 113 
1957 75 97 115 144 111 
1958 72 95 115 148 117 
1959 70 95 116 168 123 
1960 67 94 114 169 123 
1961 65 94 112 180 128 
1962 62 94 114 194 131 
1963 60 94 114 218 134 
1964 58 95 115 237 137 
1965 55 94 118 249 139 
1966 51 93 123 281 143 
1967 50 94 124 312 147 
1968 48 93 127 335 151 
1969 47 92 127 344 155 
1970 45 92 125 354 158 
1971 44 91 128 377 157 
1972 42 94 127 376 162 
1973^  45 91 130 388 161 
S^ource: (20). 
P^reliminary. 
5 
Table 2. Indices of the prices of selected farm inputs, 1955-74* 
Farm wage Farm Farm real 
Year rates machinery Fertilizer estate 
(1950 = 100) 
1955 121 113 108 132 
1956 126 118 106 138 
1957 131 123 106 145 
1958 135 129 106 152 
1959 144 134 106 165 
1960 148 138 106 170 
1961 151 141 107 172 
1962 155 144 106 182 
1963 159 146 106 192 
1964 163 149 105 205 
1965 171 154 106 215 
1966 185 160 106 232 
1967 199 167 106 250 
1968 216 175 103 268 
1969 238 184 99 282 
1970 255 194 103 292 
1971 268 207 108 305 
1972 283 222 110 330 
1973 309 240 122 375 
1974^  328 257 124 468 
S^ource: (20). 
'^ Preliminary. 
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for seed, farm machinery, and building and fencing materials (38). 
The large price increases for fertilizer in the past two years have 
brought fertilizer prices in line with long-run price increases of 
other inputs of nonfarm origin. 
Fertilizer Use in the United States 
Expanded usage of fertilizer has accounted for a large part of 
Increased crop production. Data presented in Table 3 show fertilizer 
usage in the United States from 1960 to 1975. Total fertilizer usage 
has grown continuously from the 1960 fiscal year to the 1974 fiscal 
year. In the 1974 fiscal year, total fertilizer use is 1.89 times 
the 1960 fiscal year usage. Nitrogen usage in the 1974 fiscal year 
is 3.34 times the 1960 fiscal year level. Fertilizer usage in 1975 
Is 9.8 percent less than fertilizer usage in the 1974 fiscal year. 
Farmers may have responded to higher fertilizer prices and falling 
crop prices in 1975 by using less fertilizer. 
It is impossible to define the exact decision-making process 
that individual farmers use in determining fertilizer expenditures. 
Application rates of fertilizer have different effects depending on 
the soil type and yield response. The quality of farm management 
also determines how much fertilizer is used and how efficiently 
fertilizer is applied. As with all farm decisions, the amounts of 
capital and labor available are major considerations in fertilizer 
usage. Tenure arrangements will also affect fertilizer usage. 
Farmers also consider actual and expected prices of crops and 
fertilizer in determining the kinds and amounts of fertilizer to use. 
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Table 3. All fertilizer: Total use and primary nutrient use, United 
States, 1960-75a/b 
Primary nutrient use 
Fiscal 
year 
Total 
use Nitrogen 
Aval lab le 
2^°5 KgO Total Index 
(1,000 tons) (1967=100) 
1960 24,887 2,738.0 2,572.4 2,153.3 7,463.7 53.4 
1961 25,567 3,030.8 2,645.1 2,168.5 4,844.4 56.1 
1962 26,615 3,070.0 2,807.0 2,270.5 8,447.5 60.5 
1963 28,844 3,929.1 3,072.9 2,503.4 9,505.4 68.0 
1964 30,681 4,352.8 3,377.8 2,729.7 10,460.3 74.9 
1965 31,336 4,638.5 3,512.2 2,834.5 10,985.3 78.6 
1966 34,532 5,326.3 3,897.1 3,221.2 12,444.7 89.1 
1967 37,082 6,027.1 4,304.1 3,641.8 13,973.6 100.0 
1968 38,743 6,787.6 4,453.3 3,792.6 15,033.5 107.6 
1969 38,949 6,957.6 4,665.6 3,891.6 15,514.8 111.0 
1970 39,591 7,459.2 4,573.9 4,035.7 16,068.8 115.0 
1971 41,118 8,133.6 4,803.4 4,231.4 17,168.4 122.9 
1972 41,206 8,016.0 4,863.7 4,326.8 17,212.8 123.2 
1973 43,288 8,295.2 5,085.2 4,648.7 18,029.1 129.1 
1974 47,094 9,157.2 5,098.6 5,082.6 19,338.4 138.4 
1975 42,475 8,593.2 4,494.1 4,414.8 17,502.1 125.3 
S^ources: (32, 41). 
I^ncludes Puerto Rico. 
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It is possible to predict with reasonable accuracy the effects 
of various factors on the national demand for fertilizer. Quantita­
tive estimates of the effects of several factors on fertilizer demand 
in the United States are presented in Table 4. The data used covers 
the 1926-60 period with 1944-50 excluded. Eight estimates show how 
a 1 percent change in a factor will change fertilizer purchases. 
Negative figures indicate a decrease in fertilizer purchases while 
positive figures designate an increase in fertilizer purchases. 
Other factors remaining constant, a 1 percent increase in the 
fertilizer price (column 2) is predicted to reduce fertilizer pur­
chases from 1.4 to 1.8 percent. Similarly, a 1 percent increase in 
crop prices (column 3) is predicted to increase fertilizer purchases 
from 0.1 to 0.5 percent. A 1 percent increase in land price, other 
factors remaining constant, is estimated to increase fertilizer 
consumption up to 0.4 percent or could decrease fertilizer consumption 
by 0.04 percent (estimate 5). Column 6 shows that fertilizer pur­
chases tend to increase over time. A direct relationship also exists 
between fertilizer purchased and the fertilizer purchased the year 
before. As expected, an inverse relationship exists between fertilizer 
purchased and the fertilizer/crop price ratio. It is possible that 
farmers respond more to a known change in the cost of an input than 
to an estimated change in the price received for a farm product. 
Since 1964 the Economic Research Service and the Statistical 
Reporting Service have conducted surveys with farmers to determine 
fertilizer usage on certain crops. The crops included in the survey 
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Table 4. Estimates of the effect of various factors on United States 
demand for fertilizer® 
Percent change in fertilizer purchased, 
given a 1 percent change In various factors 
Estimate 
Fertilizer 
price 
index 
Crop 
price 
index 
Fertilizer/ 
crop 
index 
Land 
price 
index Time 
Previous 
year 
fertilizer 
purchases 
1 -1.840 0.508 __b -  — - 0.006 -  -  -
2 --- -  — - -0.979 0.422 0.012 -  —  —  
3 - - - -0.944 -  -  - 0.013 -  -  —  
4 -1.398 0.214 - - - 0.011 0.002 0.393 
5 -1.480 0.118 -0.037 0.438 
6 -1.400 0.203 -  -  - - - - 0.001 0.401 
7 -1.520 0.131 - - - -  -  - —  —  —  0.418 
8 -  —  —  
---
-0.580 -  -  - 0.008 0.418 
S^ource: (7). 
F^actor not included in the estimate. 
are corn for grain, cotton, soybeans for beans, and wheat for grain. 
National estimates made from these surveys are presented in Table 5. 
Corn and wheat acres have had substantial increases in the amounts 
of nitrogen applied per fertilized acre since 1964. Com harvested for 
grain in 1972 had nearly twice the nitrogen application rate per 
fertilized acre in 1964. In 1973 the nitrogen application rate of 48 
pounds per acre on wheat acres receiving any nitrogen is 1.8 times the 
1964 level. Since 1964 more phosphorus and potassium is used for corn 
and wheat production. Although soybeans have been receiving nearly 
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Table 5. Estimated fertilizer use on major crops and percent of 
harvested acres receiving any fertilizer, U.S. data for 
1964-74* 
Year 
Average rate 
per acre receiving 
Percent harvested 
acres receiving 
N P2O5 KgO N P2O5 KgO 
(pounds) (percent) 
Corn for grain 
1964 58 41 35 85 78 72 
1965 75 50 48 88 82 77 
1966 86 57 57 91 86 80 
1967 93 60 60 92 87 82 
1968 104 64 65 92 89 84 
1969 110 64 67 93 87 82 
1970 112 71 72 94 90 85 
1971 107 62 64 94 88 82 
1972 115 66 69 96 90 86 
1973 114 64 71 93 86 80 
1974 103 62 73 94 87 83 
Wheat 
1964 27 27 19 47 36 16 
1965 31 30 35 48 38 15 
1966 32 32 37 49 38 15 
1967 35 32 39 53 43 17 
1968 36 32 36 56 43 17 
1969 38 34 39 56 44 17 
1970 39 30 36 61 44 20 
1971 40 34 36 57 41 14 
1972 46 37 38 62 44 15 
1973 48 38 36 63 45 17 
1974 46 38 37 66 46 20 
S^ources: (31, 32). 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
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Continued 
Average rate Percent harvested 
per acre receiving acres receiving 
N 
P_0_ K.0 
N 2 5 2 2 5 KgO 
(pounds) (percent) 
Soybean s 
14 30 37 7 12 12 
10 32 39 11 16 17 
12 34 41 18 26 24 
13 37 42 21 27 27 
15 37 45 21 27 27 
12 41 48 19 26 27 
14 37 51 21 27 28 
15 39 48 19 27 27 
14 42 51 22 29 31 
14 42 55 24 32 32 
15 41 55 22 28 28 
Cotton 
69 50 37 77 58 43 
81 55 57 79 59 44 
84 55 58 76 59 45 
79 55 55 72 56 40 
80 57 58 73 56 43 
91 60 57 75 54 39 
75 55 57 72 48 36 
75 53 58 74 50 39 
75 55 61 77 55 41 
73 53 62 74 55 39 
78 53 55 79 58 46 
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the same nitrogen application rates since 1964, phosphorus and potash 
rates are higher than in 1964. Nitrogen and phosphorus rates on cotton 
acres in recent years have been falling to 1964 levels, but potash 
rates are still much higher than the 1964 level. 
Also shown in Table 5, the percentage of harvested acres receiving 
certain nutrients has varied from year to year. Corn acres have 
appeared to level off at around 95 percent of the harvested acres 
receiving any nitrogen fertilizer. The harvested acres of wheat seem 
to be growing in the proportion of acres receiving any nitrogen. 
Harvested acres of soybeans and cotton tended to have nearly the same 
proportion receiving nitrogen fertilization in the latter years. 
Fertilizer Situation in 1980 
In the past two years the fertilizer industry and American farmers 
have been thrust into a new fertilizer situation. Since October 25, 
1973, when fertilizer prices were exempted from ceilings, prices have 
risen rapidly. Fertilizer demands in the United States and abroad 
have grown considerably as farmers plant larger acreages and adopt 
modern farming methods and inputs. Natural gas supplies and prices 
have led to deeper concerns about nitrogen production in the United 
States for future years. Expanded production of anhydrous ammonia 
is also limited by the lack of added production capacity since the 
late sixties when fertilizer prices plummeted. In addition, environ­
mental concerns about water pollution have resulted in ideas to 
decrease fertilizer usage. These problems could possibly continue 
in the 1980's. 
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World fertilizer production and consumption have grown steadily 
from 1960 to 1973, as shown in Table 6. Compared to 1960, 1973 
estimated productions of nitrogen, phosphorus, and potash are 2.84 
times larger, 1.43 times larger, and 1.47 times larger, respectively. 
International trade has made it possible for countries with production 
deficits to import needed supplies. Estimates found in United States 
and World Fertilizer Outlook, 1974 and 1980 (36) show that production 
capacities in 1978 could be less than 1980 demands for all three major 
nutrients. American farmers could find themselves competing much 
stronger with farmers in foreign countries for fertilizer. Fortunately, 
the possible deficits and higher prices could lead to a further expansion 
in world fertilizer production. 
Not all fertilizer nutrients used in the United States are used 
in crop production. In 1972, 74 percent of the domestically fixed 
ammonia was used for fertilizer (36). Other uses include manufacturing 
plastics, explosives, food processing, producing feed urea, manufactur­
ing pulp for high quality paper, and stabilizing synthetic rubber 
during transportation and storage. In 1972, 84 percent of the United 
States demand for phosphorus was used in manufacturing fertilizers (36). 
Phosphorus is also used in animal feeds, detergents and cleaning com­
pounds, oil refining, textiles, pesticides, plastics, and food processing. 
Nearly 94 percent of potassium used in the United States in 1972 was 
consumed in the production of agricultural chemicals — usually in 
mixed fertilizers (36). American farmers not only compete with other 
farmers for fertilizer nutrients, but must also compete with other 
uses for the nutrients. 
Table 6. World fertilizer production and consumption, 1960-73^ 
Nitrogen Phosphorus (P^O^) Potash (K^O) 
Year Production Consumption Production Consumption Production Consumption 
(thousand short tons) 
1960 11,000 10,100 10,740 10,580 9,600 9,040 
1961 12,000 11,300 11,130 10,990 9,670 9,370 
1962 13,100 12,100 11,440 11,490 10,320 9,560 
1963 14,500 13,700 12,200 12,190 10,820 10,230 
1964 16,400 15,400 13,740 13,500 11,900 11,060 
1965 18,600 17,000 15,260 14,710 13,370 12,070 
1966 21,100 19,200 16,630 15,860 15,180 13,400 
1967 24,700 24,000 18,780 17,780 16,000 14,310 
1968 28,200 26,400 19,870 18,700 16,860 13,580 
1969 31,300 29,300 20,490 20,060 17,510 16,130 
1970 33,300 31,600 21,260 20,740 18,430 17,020 
1971 36,300 35,000 22,970 21,900 19,520 18,190 
1972 38,700 37,200 24,810 23,250 21,210 19,270 
1973^ 42,200 40,200 26,130 25,820 23,700 20,320 
^Source: (36). 
^Estimated. 
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Natural gas is used in the United States for production of nearly 
all synthetic anhydrous ammonia, because it has been the cheapest 
source of hydrogen. Synthetic anhydrous ammonia is the base product 
for nearly all nitrogen fertilizers used in the United States and most 
of those used throughout the world. Recent price jumps of natural 
gas in America and the dwindling supply have necessitated the search 
for other sources of hydrogen ions. These other sources include fuel 
oil, coal, naptha (a petroleum refinery product), coal, and water. 
Water hydrolyzing requires extremely low-cost electric power in order 
to be profitable. Although the United States has vast coal reserves, 
technological improvements in coal gasification are needed to make 
coal an economical source. 
Environmental concerns over water pollution have resulted in 
charges and countercharges about the dangers of heavy crop fertiliza­
tion. High nitrate levels in surface and groundwaters can cause health 
hazards for humans (especially infants) and livestock as well as 
increased eutrophication in lakes and streams (11). When nitrate is 
converted to nitrite, the nitrite can cause poisoning. During the 
transportation and storage of food, enzymes can convert nitrates to 
nitrites. High nitrate concentrations in streams and lakes can cause 
increased algae growth. When the algae die, the organic matter needs 
oxygen from the water in order to oxidize. This oxidation takes away 
oxygen from fish and their hatching eggs. 
The dangers of increasing amounts of nitrates and other nutrients 
in the water supply are rarely doubted. Advocates of increased 
fertilizer usage point out that agriculture is only one of the 
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contributors to water pollution. Automobile exhausts and industrial 
smoke add to nitrate levels in the air and water. Municipal sewage 
plants add to the phosphorus content of water. Both sides of the 
fertilizer debate would probably agree that better measures are needed 
to determine pollution contributions from different sources. 
Farmers might be tempted to substitute available land for fertilizer 
because of the recent increases in fertilizer prices or environmental 
pressures. Decreasing fertilizer use would clearly decrease fertilizer 
expenditures, but expenditures for nearly all other inputs would rise. 
For example, such an action would require more equipment for higher 
investment and maintenance costs. Additional quantities of fuel, 
labor, pesticides, and seed would also be required. Cash rent would 
increase as would crop insurance and other expenses. Marginal land 
brought under production could increase erosion and further pollute 
the water supply. 
As an extreme situation, all fertilization of crops could be 
stopped. Crops depending entirely on the stores of nutrients in the 
soil will suffer yield decreases. Data taken from Ibach and Adams (8) 
show the yield losses when fertilizer applications are absent. Crops 
grown in parts of states with large productions are presented in 
Table 7. Application rates of nitrogen and phosphorus are the actual 
amounts used in 1964. If the selected agricultural subregion in Iowa 
had produced corn without applying fertilizer, the yield would have 
fallen by 25.2 percent. The remaining three corn entries show com 
yield decreases of 30.0 to 39.9 percent. Soybean yields would not 
be decreased as drastically as corn when no fertilizer is applied. 
Table 7. Effect of eliminating nitrogen and phosphorus fertilizer on 1964 crop yields in selected 
agricultural subregions (ASR)® 
Crop 
State 
containing 
ASRb 
Lbs. per 
Nitrogen 
acre applied 
Phosphorus 
Yields 
Fertilized 
per acre 
Unfertilized 
Percentage decrease 
in yield if fertilizer 
had not been applied 
Corn, bu. Iowa 67.7 17.7 94.6 70.8 25.2 
Com, bu. Illinois 73.0 18.6 98.2 59.0 39.9 
Com, bu. Nebraska 97.8 21.1 77.0 50.0 35.1 
Com, bu. Indiana 66.8 21.0 85.7 60.0 30.0 
Soybeans, bu. Iowa 4.1 21.8 34.0 29.1 14.4 
Soybeans, bu. Illinois 2.0 21.8 34.9 30.4 12.9 
Soybeans, bu. Indiana 8.0 9.4 30.7 26.5 13.7 
Soybeans, bu. Minnesota 1.9 12.1 20.5 18.5 9.8 
Wheat, bu. Kansas 30.4 7.8 28.5 18.0 36.8 
Wheat, bu. North Dakota 8.8 9.7 27.2 22.1 18.8 
Wheat, bu. Oklahoma 29.1 5.6 30.0 18.0 40.0 
Wheat, bu. Washington 30.0 10.0 35.7 20.0 44.0 
Cotton, lbs. Texas 103.8 10.7 502.7 300.0 40.3 
Cotton, lbs. California 113.9 32.3 1,065.7 856.0 19.7 
Cotton, lbs. Mississippi 124.0 19.6 743.9 430.0 42.2 
Cotton, lbs. Arkansas 82.0 13.0 632.3 450.0 28.8 
^Source; (8). 
^Selected agricultural subregions represent the largest share of the state's harvested acres 
of the crop in 1964. 
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The four soybean entries show yield decreases of 9.8 to 14.4 percent. 
Wheat yields in the four selected areas are decreased by 18.8 to 44.0 
percent when fertilizer is withheld. Cotton yields decrease from 
19.7 to 42.2 percent if fertilizer had not been used. Table 7 also 
points out that different soils have a different response to fertilizer 
applications. 
Crop fertilization is very unlikely to be completely curtailed, 
since many alternatives to lessen water pollution are available. 
Farmers can use more adequate soil testing to avoid overfertilization 
and an imbalance among nutrients. Improved water management on farms 
can control the leaching and erosion of nutrients. Farmers can use 
a more optimal timing and rate of fertilizer application. Scientists 
are now working on economical time-released nitrogen fertilizers and 
may develop other fertilizer improvements. 
Objectives 
American agriculture has undergone many changes and may continue 
to change. These changes will not only affect farmers, but also 
affect consumers and nonfarm production sectors. Foreign countries 
will also be concerned as exports fluctuate and the fertilizer situa­
tion remains uncertain. The major objective of this study is to 
analyze the effects of fertilizer usage and alternative crop exports 
on American farmers and consumers in 1980. 
Two fertilization levels are examined in this study. The trend 
fertilization level assumes that farmers will continue to fertilize, 
following the trend from 1964 through 1973. American agriculture 
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with this fertilization level would show the effects of high applica­
tion rates of fertilizer in 1980. The other fertilization level, 
limited fertilization, shows American agriculture when nitrogen 
applications are limited to 50 pounds per acre. Decreased fertilizer 
supplies or environmental restrictions could lead to less fertilizer 
consumption in the United States in 1980. 
Alternative export levels of corn, wheat, and oilmeals are 
combined with the two fertilization levels. In total, 11 separate 
alternatives are examined. Variables included in the discussion of 
each alternative are: the quantity and location of crop productions, 
prices received for crops and selected livestock, fertilizer usages, 
net farm incomes from crop production, and consumer food costs. 
The remainder of this study describes the economic models used 
in the study, explains the methods and assumptions used in deriving 
the data needed for these models, and reports the results of the 11 
alternatives analyzed. Chapter II describes the linear programming 
model used in this study. Chapter III contains the methods and 
procedures used to calculate demands. Chapter IV describes the model 
coefficients and how they are derived. Chapter V contains a brief 
explanation of how the results of this study should be interpreted. 
Chapters VI and VII contain the outcomes of alternatives with trend 
fertilization and limited fertilization, respectively. Chapter VIII 
contains the summary of results found in the study. 
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CHAPTER II. MODEL SPECIFICATIONS 
Information concerning the basic programming model is presented 
in this chapter. The model is described verbally as well as mathemat­
ically. Regional delineations are explained and shown in figures. 
Finally, the alternative crop export levels and fertilizer usage 
levels are discussed. 
Verbal Description of the Programming Model 
This study is based on a linear programming model of U.S. agri­
culture. The national model contains crop activities in the 150 produc­
ing areas for wheat, corn, other feed grains, soybeans, and cotton. 
Other feed grains is a combination of oats, barley, and grain sorghum. 
Crop productions are specified exogenously for areas not included in 
the 150 producing areas. Demands for the crops are allocated exogenously 
to the 31 consuming regions. Demands for wheat, corn, other feed 
grains, and oilmeals are allocated regionally, while a national demand 
is specified for cotton lint. 
Production activities are defined for each producing area where 
such production activities are feasible. Wheat demands are satisfied 
by 132 wheat production activities. Demands for corn are met from 141 
production activities. Other feed grain demands are fulfilled by 148 
production activities. Oilmeal demands consist of soybeans, soybean 
oilmeal, cottonseed, and cottonseed oilmeal. The 114 soybean produc­
tion activities and the 60 cotton production activities satisfy oilmeal 
demands. Cotton production activities also meet the national cotton 
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lint demand. These 595 crop production activities make up the inter­
regional comparative production sector of the model. 
A transportation submodel allows the production of a commodity in 
one consuming region to satisfy the demand for that commodity in another 
consuming region. Transportation activities are not present from one 
consuming region to the remaining 30 consuming regions. Transportation 
routes are based on historic grain movements and regional production 
potentials. A total of 459 transportation activities is available 
for wheat grain. Corn grain and other feed grains also have 459 avail­
able transportation activities. Oilmeal transportation activities are 
defined for 428 possible routes. Rail rates are used to reflect 
transportation costs among the consuming regions. Transportation 
cost from a producing area to the center of its consuming region is 
not defined. 
Both demands and productions are expressed in feed units for 
wheat, feed grains, and oilmeals. The feed unit concept allows the 
aggregation of oats, barley, and grain sorghum into other feed grains. 
It also allows the substitution of wheat for corn and/or grain sorghum 
in livestock feeding if the relative prices make such an action profit­
able. In addition, the feed unit concept permits the oilmeal demands 
to be satisfied from both soybean and cotton production. 
The programming model minimizes production costs of the crops 
(wheat, com, other feed grains, soybeans, and cotton) in the 150 
producing areas and the transportation costs among the 31 consuming 
regions. Market equilibrium is achieved as the exogenous demands are 
met by the production in the 150 producing areas and specified 
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productions in the areas not contained in the 150 producing areas. 
Supply prices generated by the model for each crop cover the nonland 
production costs. Supply prices also include imputed land values 
which vary by the amount of land needed in production as well as 
changing export levels. 
The programming model contains 397 rows and 2,581 real variables. 
Land in the 150 producing areas, commodity demands in the 31 consuming 
regions, and the national cotton lint demand are the constraints for 
the equations. The remaining 122 rows are used for accounting purposes 
to determine national acreages and consuming region productions. Crop 
production activities, wheat to feed grain transfer activities, and 
transportation activities account for 2,431 of the real variables. 
Unused land activities in all of the 150 producing areas are used to 
determine the amounts of land that are left unused as well as the 
total amount of unused land in the nation. 
Information provided by the model includes production locations, 
supply prices for each of the crops, grain movements among consuming 
regions, wheat feeding levels, and the amounts of available land that 
do not come into production. Model solutions stored on a magnetic 
tape can be used to determine fertilizer usages and farm incomes from 
crops. 
Expressing the model in its algebraic form will provide an 
explanation of how the supply prices and production locations are 
determined. In this cost minimization model, the objective is to 
find a set of x's such that the function; 
f(c) = cx (2.1) 
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is a minimum subject to the following restraints; 
Ax ^  b (2.2) 
X s 0 (2.3) 
where : 
X is a column vector of production, transfer, and transportation 
activities ; 
c is a row vector of unit costs for these activities; 
A is a matrix of transformation coefficients; and 
b is a column vector of resource restraints and demand requirements. 
Equations 2.1, 2.2, and 2.3 will provide the production locations 
as the x's for production activities will determine production levels 
in each producing area. The supply prices are found by viewing the 
shadow prices for the demand constraints. These prices could also be 
determined by using the dual formulation of the cost minimization 
problem. The dual problem can be described as; 
Maximize g(p) = b'p (2.4) 
subject to: 
A'p s c' (2.5) 
p ^  0 (2.6) 
where : 
p is a column vector of land rents and supply prices for the 
crops; and 
b. A, and c are defined previously. 
The p column is the same set of land rents and supply prices that are 
present in the shadow prices of the land constraints and demand 
constraints in the cost minimization problem. 
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A number of simplifying assumptions are needed to formulate a 
programming model which will analyze the effects of fertilizer use 
and alternative crop export levels on American agriculture. These 
assumptions clearly limit the many possibilities available in 1980, 
but they allow the use of a model which can adequately represent U.S. 
agriculture. These simplifying assumptions include: 
1. There are 150 unique, spatially separated and interdependent 
producing areas with many producers of at least one of the five crop 
activities. 
2. Constant returns to scale exist in each producing area for 
each crop. 
3. Total crop production is limited by the availability of land. 
4. Within each producing area, land is reasonably homogeneous 
and substitution among crops is permitted by the following restraints: 
a. Wheat production activities are not permitted to use 
over 67 percent of the land available in the producing areas of the 
eastern United States. In the West, no upper bounds are specified 
so that all of the land available could be used in wheat production. 
b. Each of the other crop activities is not permitted to 
contain over 67 percent of the land available in a producing area. 
5. The other feed grain activity for each producing area 
adequately represents the proper combination of oats, barley, and 
grain sorghum. 
6. There exists 31 spatially separated and interdependent 
consuming regions which can be assigned demands for the crops in the 
model. 
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7. The demand for cotton lint can be adequately described with 
only a national demand equation. 
8. Crop demands can be determined exogenously of the programming 
model. 
9. The feed unit concept is an adequate conversion measure for 
all of the crops (except cotton lint). 
10. No regional quality differentials exist for any of the 
commodities. 
11. Railroad transportation rates adequately reflect transporta­
tion costs of the crops among consuming regions. 
12. The transportation industry has the capacity to transport 
the quantities of the crops in any model solution. 
13. Port facilities will have the necessary capacities in 1980 
to handle the crop exports in any model solution. 
14. The fertilizer industry will be able to supply the materials 
needed to produce the crops in any model solution. 
15. Crop usage in 1980 must be met from the production in 1980. 
In other words, no stock build-ups are permitted. 
16. Farm input prices, particularly fertilizer prices, will not 
vary for any model solution. 
17. Least-cost production reasonably describes the goals of 
society with respect to producing the crops in the model. 
In addition to the 17 assumptions listed above, the linear pro­
gramming assumptions are also present (6). Activities in the model 
must be linear and additive. In other words, when two or more are 
used, the sum of their individual products must equal total production. 
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All productions and factors are assumed to be infinitely divisible. 
The number of resource constraints and alternative activities must 
be finite. Finally, it is assumed that resource supplies, input-
output coefficients, and input prices are known. 
Mathematical Description of the Model 
The mathematical structure of the model is unchanged for all of 
the model solutions. Crop production activities differ according to 
the fertilizer restriction unless no more than 50 pounds per acre of 
nitrogen is applied under the trend fertilization scenario. Wheat 
transfer activity bounds also change as livestock productions vary 
among model solutions. Crop demands, expressed in the right-hand sides 
of the programming model, are modified to indicate changes in domestic 
and/or export demands. 
The basic model can be described as follows, where Equation 2.7 
is the objective function to be minimized: 
150 5 31 31 4 
° i^l j=i * k=l m=l n=l 
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+ S WF, V, (2.7) 
k=l ^ 
where : 
c^j is the nonland cost per acre of producing the j-th crop 
activity in the i-th producing area (j = 1, 2, 3, 4, 5 for 
wheat, corn, other feed grains, soybeans, and cotton, respec­
tively) ; 
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is the number of acres of the j-th crop activity in the i-th 
producing area; 
T, is the tons of feed units of the n-th commodity transported 
kmn 
from the m-th to the k-th consuming region; 
d, is the cost of transporting one ton of feed units of the n-th 
kmn 
commodity from the m-th to the k-th consuming region (n = 1, 
2, 3, 4 for wheat, corn, other feed grains, and oilmeals, 
respectively); 
WF^ is the tons of feed units of wheat transferred into feed 
grains in the k-th consuming region; and 
is the cost of transferring one ton of feed units of wheat to 
feed grains in the k-th consuming region. 
Crop productions are restrained by the total cropland available 
in each producing, Equation 2.8, 
5 
S X . 3 L (i = 1, 2, ..., 150) (2.8) 
j=l ^ 
and additional constraints as follows; 
^ij ^  (i = 1, 2, ..., 150 
j = 1, 2, 3, 4, 5) (2.9) 
where : 
is the total acres available for the five crop activities in 
the i-th producing area; 
is the proportion of the available land in the i-th producing 
area that can be used in the production of the j-th crop (A^ = 
0.67 for all crops except wheat production in the western 
United States); and 
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is defined as before. 
The proportional factor of 0.67 is used as an agronomic restraint in 
soybean production and a subjective restraint to keep a production 
region from growing only one crop. As the only exception, wheat 
production in the western United States can occur on all land avail­
able for crop production. 
Equation 2.7 is minimized subject to the following additional 
linear demand restraints: 
^11 'll + "/''tml - Vl' - "fc ^  "kl lek m=l 
(m,k = 1, 2, ..., 31; m ^  k) (2.10) 
(^km2 - + "k ' \2 iek m=l 
(m,k = 1, 2, 31; m 7^ k) (2.11) 
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=^13 Pi3 + 2, "km3 - Tmk3> + "k ® "k3 
iek m=l 
(m,k = 1, 2 31; m ^  k) (2.12) 
,:k A ' 1 "-4 - ^ 
(m,k = 1, 2, ..., 31; m ^  k) (2.13) 
150 
l!,, *15 fiS ^  »5 (2-14) 
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where; 
S is the summation over all producing areas (i) within the k-th 
iek 
consuming region; 
is the yield in tons (except for cotton lint which is in 
bales of 500 pounds of cotton lint) of the j-th crop in 
the i-th producing area (j = 1, 2, 3, 4, 5 for wheat, corn, 
other feed grains, soybeans, and cotton, respectively); 
is the tons of the n-th commodity demanded in the k-th con­
suming region (n = 1, 2, 3, 4 for wheat, corn, other feed 
grains, and oilmeals, respectively); 
Dg is the national demand for cotton lint (in bales of 500 pounds 
of cotton lint); and 
X. T, , and WF, are defined as before. ij Kmn k 
Finally, activities must be at non-negative levels; 
X^. ^  0-, = 0; Ï 0 (2.15) 
Regional Delineations 
Three regional delineations are used in this study. Within the 
continental United States, 150 producing areas have been delineated 
(Figure 1) for which one or more crop production activities are defined. 
Land contained in a producing area is reasonably homogeneous with 
respect to production possibilities. Criteria used in determining 
these production possibilities are soil type, climate, historic yields, 
and production costs. 
These 150 producing areas have evolved from the 122 producing 
areas originally defined by Egbert (2). Skold (14) and Whittlesey (57) 
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Figure 1. The 150 producing areas used in this study 
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later subdivided the 122 areas into 144 so that each producing area 
was contained within its consuming region. Later studies further sub­
divided some of the 144 areas to emphasize production in selected 
regions. The resulting 150 producing areas are used in this study. 
As can be seen in Figure 2, the 150 producing regions do not 
contain all of the farmland in the continental United States. The 
areas not included in the 150 producing areas are called the White 
Area. This land accounted for only 2 percent of the 1969 production 
of the five crop categories in the model (56). In this study, 
acreages in the White Area are equal to the 1969 acreages plus adjust­
ments for land retired under the feed grain and wheat programs. Yields 
in the White Area have been increased in proportion to the yield 
increases by states. Consuming region demands in the model are 
reduced by the corresponding White Area productions so that the 150 
producing areas must satisfy the remaining demands. 
Demands are usually specified by consuming regions. Thirty-one 
consuming regions have demands for wheat, corn, other feed grains, 
and oilmeals. Figure 2 shows the 31 consuming regions used in this 
study. A consuming region follows state boundaries and contains one 
or more states. The demand for cotton lint is specified at the 
national level. 
The third regional concept is the farm production region. These 
10 farm production regions, shown in Figure 3, entirely cover the 
continental United States. Each producing area and each consuming 
region are entirely within a farm production region. Acreages and 
productions are presented at the farm production region level. 
Figure 2. The 31 consuming regions used in this study 
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Alternatives Analyzed 
The major goal of this study is to examine the interactions of 
fertilizer usage and crop export levels on American agriculture. 
Eleven model solutions are presented. Six solutions combine trend 
fertilization and alternative export levels of wheat, corn, and oil-
meals. Five solutions examine alternative export levels of wheat, 
corn, and oilmeals when nitrogen application is limited to 50 pounds 
per acre. 
Detailed information on fertilizer usage levels is contained in 
the chapter on model coefficients. Export levels of wheat, corn, 
and oilmeals are presented in Table 8. Cotton lint and other feed 
grain exports are held at 1973 levels throughout the analysis. Cotton 
lint exports are set at 5.828 million bales which each contain 500 
pounds of lint. Other feed grain exports are set at 8.721 million 
tons of feed units. This is the equivalent of 58 million bushels of 
oats, 88 million bushels of barley, and 225 million bushels of grain 
sorghum. 
An attempt has been made to assign each model solution a name 
which describes the fertilization level and export levels used in its 
formulation. These names are also presented in Table 8. Solution 
names beginning with an L indicate that a nitrogen application limita­
tion of 50 pounds per acre is used. Absence of the L specifies that 
trend fertilization is assumed. In the model solution name, W stands 
for wheat, C stands for corn, and S stands for oilmeals. Numbers 
after each of these letters signify the level of 1973 exports. Three 
of the model solutions have exports of wheat, corn, and oilmeals based 
35 
Table 8. Model solutions analyzed in determining the effects of 
expanded exports and fertilizer use in 1980 
Model 
solution 
names 
Wheat 
export 
leveIs 
Corn 
export 
levels 
Oilmeal 
export, 
levels 
(000 bu.) (000 bu.) (000 tfu.) 
With trend fertilizer usage 
WiClSl 1,148,703 1,225,000 30,639.6 
W2C1S1 2,297,406 1,225,000 30,639.6 
W1C2S1 1,148,703 2,450,000 30,639.6 
W1C1S2 1,148,703 1,225,000 61,279.2 
TRENDl.0 1,553,105 1,963,000 46,706.3 
TREND1.2 1,863,726 2,355,000 56,047.6 
With limited fertilizer usage 
LWlClSl 1,148,703 1,225,000 30,639.6 
LW1.5C1S1 1,723,055 1,225,000 30,639.6 
LW1C2S1 1,148,703 2,450,000 30,639.6 
LWICISI.5 1,148,703 1,225,000 45,959.4 
LTREND0.9 1,397,795 1,766,700 42,035.7 
^Includes the flour equivalent in bushels. 
Includes soybeans, soybean oilraeal, cottonseed, and cottonseed 
oilmeal. Tfu is the abbreviation for tons of feed units. One ton 
of oilmeals expressed in feed units equals 25.7 bushels of soybeans. 
on the trend. Trend exports equal the 1973 levels plus the 1973 levels 
minus the 1966 levels. TREND is used to indicate trend exports of 
wheat, corn, and oilmeals. Numbers after this word specify the level 
of trend exports assumed. 
Six model solutions use the trend fertilization assumption for 
1980. Solution WlClSl has exports of wheat, com, and oilmeals at 
1973 levels. In Solution W2C1S1 wheat exports are at twice the 1973 
level, while corn and oilmeal exports are at 1973 levels. Corn exports 
at twice the 1973 level and exports of wheat and oilmeals at 1973 levels 
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are specified in Solution W1C2S1. Solution WlClS2 has wheat and corn 
exports at 1973 levels, but oilmeal exports are set at twice the 1973 
level. Oilmeals contain soybeans, soybean oilmeal, cottonseed, and 
cottonseed oilmeal. Cotton production is nearly the same for all 
solutions. Therefore, an increase in oilmeal exports is made up of 
soybeans and soybean oilmeal. Solution TRENDl.O has trend exports 
of wheat, corn, and oilmeals. The last trend fertilization solution. 
Solution TRENDl.2, has exports of wheat, corn, and oilmeals at 1.2 
times their trend levels. 
The remaining five solutions use the limited fertilization 
assumption. No crop activity is permitted to receive over 50 pounds 
of nitrogen fertilizer per acre. Solution LWlClSl has exports of 
wheat, corn, and oilmeals at 1973 levels. Wheat exports at 1.5 times 
the 1973 level and 1973 export levels of corn and oilmeals are found 
in Solution LW1.5C1S1. Solution LWlC2Sl assumes wheat and oilmeal 
exports at 1973 levels, but corn exports are set at twice the 1973 
level. Oilmeal exports at 1.5 times the 1973 level and other crop 
exports at 1973 levels are specified for Solution LWlClSl.5. Finally, 
Solution LTBEND0.9 has exports of wheat, corn, and oilmeals at 0.9 
times their trend levels. 
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CHAPTER III. DEMAND FORMULATION 
Demands for wheat, corn, other feed grains, oilmeals, and cotton 
lint are calculated apart from the linear programming model. These 
1980 estimated demands include both the domestic and export demands. 
Assumptions are made concerning the imports of grains and livestock 
products. 
This chapter explains the manner in which demands are estimated. 
Livestock demand estimation is presented first. Then the food and 
Industrial demands for feed grains are discussed. This is followed 
by sections on wheat, oilmeal, and cotton lint demands. Exports are 
explained briefly since their levels were explained in the previous 
chapter under alternatives analyzed. Total demand calculations are 
presented next. Finally, the adjustment for White Area production 
is discussed. 
Livestock Demands for Feed Grains 
Livestock demands for feed grains and oilmeals depend on the 
consumer demand for livestock products. In this study, the amount 
of livestock products demanded Is the amount of livestock products 
supplied. Thus, the demand for feed grains and oilmeals by livestock 
is a derived demand from livestock product demand. Nine classes of 
livestock products are defined for this study. As shown in Table 9, 
these nine classes are an aggregation of the 12 classes in National 
and State Livestock-Feed Relationships (34, 35). 
Beef, pork, broiler, and lamb demands are estimated from Equa­
tions 3.1, 3.2, 3.3, and 3.4, respectively. These equations were 
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Table 9. Livestock categories 
New Category (or categories) in 
category original source (35) 
1) Dairy 1) 
2) 
Milk cows 
Other dairy cattle 
2) Beef 3) 
4) 
Cattle on feed 
Other beef cattle 
3) Hogs 5) Hogs 
4) Chickens 6) 
7) 
Hens and pullets 
Chickens raised for replacement 
5) Broilers 8) Broilers 
6) Turkeys 9) Turkeys 
7) Sheep 10) Sheep 
8) Horses and mules 11) Horses and mules 
9) Other livestock 12) Other livestock^ 
^Source: (34). 
developed by least squares regression with data from 1950 through 1973. 
The values in parentheses are the standard errors of the variables 
2 
above them and R is the multiple correlation coefficient of the 
equation. All regressions in this study follow this notation. 
In Q, = 4.8174 - 0.0082 * RP^ + 0.0013 * RP„ 
(0.07255) (0.00044) (0.00049) 
+0.001 * Y + 0.0117 * T R^ = .991 (3.1) 
(0.00005) (0.00274) 
Q = 52.1699 + 0.2079 * RP. - 0.5019 * RP_ 
^ (5.03690) (0.03848) (0.04372) 
+ 0.1942 * RP_ + 0.0111 * Y R^ = .901 (3.2) 
(0.02568) ^ (0.00175) 
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In Q„ = 2.5883 + 0.0033 * RP, + 0.0018 * RP„ 
(0.08629) (0.00066) (0.00075) 
- 0.0048 * RP_ + 0.0004 * Y = .992 (3.3) 
(0.00044) (0.00003) 
Q. = 7.3689 + 0.0547 * RP^ + 0.0207 * RP. 
^ (0.81241) (0.01037) (0.00827) 
- 0.1044 * RP. R^ = .823 (3.4) 
(0.01136) ^ 
where: 
is the per capita consumption of the i-th livestock product 
in pounds per year on a carcass weight or ready-to-cook weight 
basis (i = 1, 2, 3, 4 for beef and veal, pork, broilers, and 
lamb and mutton, respectively); 
RP^ is the retail price of the i-th livestock product expressed 
as an index (1957-59 = 100) after deflating prices to 1957-59 
dollars ; 
Y is the disposable per capita income in 1957-59 dollars (i.e., 
$3,200); 
In is the natural logarithm; and 
T is the time in years (T = 1 in 1950). 
Per capita consumptions of turkey, eggs, and dairy products are 
set at specified levels throughout the analysis. Turkey consumption 
is held at 10.0 pounds ready-to-cook weight per year. The per capita 
consumption of eggs is held constant at 285 eggs per year tdiich 
includes egg products. Dairy product consumption is assumed to be 
545 pounds per year on a fat solids basis. Per capita consumptions 
of beef, pork, broilers, and lamb are allowed to vary among solutions. 
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National demands for the seven livestock classes are the products 
of the per capita consumptions times the estimated resident population 
of the continental United States In 1980. This population Is estimated 
at 225,708,000 people (54). Using the Series I-E projection. It Is 
assumed that an average of 400,000 Immigrants per year will enter the 
United States, gross migration will continue to follow the 1960-70 
trend, and the completed fertility rate will move toward 2.11 children 
per woman. 
Domestic demands for dairy products and eggs had to be adjusted 
for other uses. Milk fed to calves is set at 1.6 billion pounds on 
a fat solids basis, the 1971-73 average usage (25). Egg demand is 
increased upward by 451.8 million dozen to reflect eggs used for 
hatching purposes. 
After calculating domestic demands, the next step is to adjust 
for imports, shipments, and exports of livestock products. The 1971-73 
average figures are used in this study. During these years, the 
United States was a net Importer of beef, pork, lamb, and dairy 
products. The United States was a net exporter of eggs, chicken, 
and turkey in this time period. 
Total livestock product demand is the sum of the domestic and 
trade demands. All livestock product net imports are held constant 
throughout the study. Domestic demands for eggs, turkey, and dairy 
products are also held at specified levels. Only the domestic demands 
for beef, pork, broilers, and lamb are allowed to change among the 
model solutions. 
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Transforming the livestock demand to a demand for feed grains 
and oilmeals requires the concept of a grain-consuming animal unit. 
A grain-consuming animal unit consumes the same amount of feed no 
matter what the class of livestock. An average milk cow's consumption 
of feed concentrates for 1969-71 serves as the base unit (35). 
After determining the amounts of livestock products demanded, 
relationships between livestock product productions and the numbers 
of grain-consuming animal units were derived. Equation 3.5 shows the 
general relationship used: 
= GCAU^/TQ^ (i = 1, 2, . .., 7) (3.5) 
where: 
is the number of grain-consuming animal units per unit of 
output for the i-th livestock class; 
GCAU^ is the average number of grain-consuming animal units of 
livestock class i fed in the United States in the years 
1969-71 (35); and 
TQ^ is the average number of units of output of the i-th livestock 
class produced in the years 1969-71 (33). 
Given the relationship in Equation 3.5 and the estimated national 
production for each livestock class, the number of grain-consuming 
animal units can be estimated as in Equation 3.6: 
EGCAUj^ = * ETQj (i = 1, 2, ..., 7) (3.6) 
where : 
EGCAU^ Is the estimated number of grain-consuming animal units 
of the i-th livestock class; 
FJ is the number of grain-consuming animal units derived from 
42 
Equation 3.5 for the i-th livestock class; and 
ETQj^ is the estimated national production of the i-th livestock 
class. 
Two other livestock classes are calculated differently. Horses 
and mules are set at 523,688 grain-consuming animal units, based on U.S. 
Census of Agriculture, 1969 data (56). Other livestock demand for feed 
grains is estimated directly from Equation 3.7 as found in Sonka (15): 
FUq = 2504.4724 + 199.99353 * T = .932 (3.7) 
(156.43605) (11.9108) 
where : 
FUg is the number of feed units of feed grains required by other 
livestock; and 
T is the time in years (T = 1 in 1948). 
The other eight livestock classes have their national feed grain 
demands derived from Equation 3.8: 
FU^  = 1.31 * EGCAU^  (i = 1, 2, ..., 8) (3.8) 
where : 
FU^ is the number of feed units of feed grains required by the 
i-th livestock class; 
1.31 reflects the 1970-72 feeding-year conversion rate (28); and 
EGCAU^ is defined as before. 
Except for other livestock, each livestock class' national demand 
for feed grains is allocated on the basis of grain-consuming animal 
units fed from 1969-71 in the 31 consuming regions. Equation 3.9 
shows the process used to distribute feed grain demands among the 31 
consuming regions : 
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FU. . = (GCAU. ,/GCAUp * FU. (i = 1, 2, ..., 8; 
 ^  ^ k = 1, 2, ..., 31) (3.9) 
where: 
FU. , is the number of feed units of feed grains required in 
ijK 
consuming region k by livestock class i; 
GCAU, , is the average number of grain-consuming animal units of i, k 
livestock class i fed in consuming region k in the years 
1969-71 (35); and 
FU^  and GCAU^  are defined previously. 
Other livestock includes pets, laboratory animals, circus animals, 
and zoo animals. Historical data on the locations of these animals 
could not be found. Therefore, the distribution of the feed grains 
required is based on population locations as shown in Equation 3.10: 
FUg^ k = (PoPk/Pop) * FUg (k = 1, 2, ..., 31) (3.10) 
where: 
FUg k is the amount of feed units of feed grains required by other 
livestock in consuming region k; 
Pop^  is the estimated resident population of the k-th consuming 
region in 1980 (54); 
Pop is the estimated total resident population of the continental 
United States in 1980; and 
FUg is defined previously. 
Separating corn from other feed grains required the use of figures 
supplied by Jennings (9). In this publication, Jennings has calculated 
corn as a percentage of feed grains fed on a feed unit basis. Because 
the calculations are based on 1949 data, certain subjective adjustments 
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are made In order to bring these figures more In line with current 
feeding practices. Equation 3.11 expresses the process used in break­
ing down feed grains for livestock use: 
C, k = k * P, k (1 = 1, 2. ..., 9; 
1,K 1,K 1,K k = 1, 2, ..., 31) (3.11) 
where : 
C. , is the feed units of corn fed to the i-th livestock class i, K 
in consuming region k; 
P. , is the percentage of the feed units of feed grains that is 1,K 
corn in consuming region k; and 
FU. , is defined previously. i,K 
The total livestock demand for corn in a consuming region is the summa­
tion over all nine classes of livestock in the consuming region. Demand 
for other feed grains by livestock on a consuming region basis is equal 
to the total feed grain demand minus the corn demand in a consuming 
region. 
An attempt is made in this study to relate livestock prices to 
the prices of corn and soybeans. These crops are chosen because they 
represent the predominate grains used in livestock feeding. Livestock 
budgets for 1973 were broken down so that the usage of corn and soy­
beans could be determined. Increases in feeding efficiencies for 1980 
are incorporated into these budgets. In order to insure a profit to 
livestock producers, the production costs are multiplied by 1.06. 
This 6 percent profit can be viewed as the opportunity cost that could 
be obtained by investing the money used for production costs in a 
savings program at 6 percent(interest. 
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The national equations, expressed in 1973 dollars, used to relate 
livestock prices to the prices of corn and soybeans are as follows; 
FP = (40.50 + 0.5 * PC + 0.5 * PSB) * 1.06 (3.12) 
FPg = (6.38 + 5.9 * PC + 0.54 * PSB + 0.476 * FP^g) 
* 1.06 (3.13) 
FPp = (15.00 + 6.22 * PC + 1.32 * PSB) * 1.06 (3.14) 
FPj^K = (4.00 + 0.756 * PC + 0.233 * PSB) * 1.06 (3.15) 
FPpj^ = (18.00 + 1.0 * PC + 0.33 * PSB) * 1.43 * 1.06 (3.16) 
FP^ = (3.00 + 2.2 * PC + 0.35 * PSB + 0.699 * PP^^) 
* 1.06 (3.17) 
FPg^ = (0.09 + 0.023 * PC + 0.013 * PSB) * 1.06 (3.18) 
FP_ = (0.26 + 0.05 * PC + 0.02 * PSB) * 1.06 (3.19) 
E 
FP^ = (0.14 + 0.045 * PC + 0.017 * PSB) * 1.06 (3.20) 
where ; 
PC is the farm price of corn per bushel; 
PSB is the farm price of soybeans per bushel; 
FPpg is the farm price of feeder cattle per hundredweight; 
FPg is the farm price of fed cattle per hundredweight; 
FPp is the farm price of hogs per hundredweight; 
FP^  is the farm price of milk per hundredweight; 
FP is the farm price of feeder lambs per hundredweight; l! L 
FP^  is the farm price of fed lambs per hundredweight ; 
FP is the farm price of broilers per pound; 
FP„ is the farm price of eggs per dozen; and £i 
FP^  is the farm price of turkeys per pound. 
For each linear programming solution, the grain prices are com­
pared to the livestock prices used in determining consumer demands 
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for livestock products. If the livestock-feed relationships do not 
correspond to Equations 3.12 through 3.20, different livestock prices 
are used to develop a new set of consumer demands. This results in 
changes in consumer demands for beef, pork, broilers, and lamb. 
(Consumptions of turkey, eggs, and dairy products are held at specified 
levels throughout the study.) The derived demand for feed grains in 
livestock feeding will also change. New domestic crop demands are 
specified for another computer run and the resulting crop prices are 
checked with the national livestock-feed relationships. The entire 
process is repeated until a consistent set of grain and livestock 
prices is obtained. 
Food and Industrial Demands for Feed Grains 
Feed grains are broken down into eight separate categories of 
food and industrial demands. Corn can be used for cereals, dry 
processing, wet processing, and alcohol production. Barley is separated 
into uses for malt and food. Grain sorghum has a single category, food 
and industrial usage. Oats also has a single category, cereal usage. 
Per capita demands for these eight categories are shown in 
Table 10. The 1969-73 average per capita consumptions are used as 
the 1980 estimated consumptions. All corn demands include some 
exports of the processed product. Total demands for each of the 
categories equal the per capita consumptions times the estimated 
resident population of the continental United States. 
Distribution of the national demands is by consuming region 
processing percentages. The national demands of corn for cereal. 
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Table 10. Estimated per capita consumptions of feed grains for food 
and industry in 1980 
Category 
Per capita 
consumption 
Corn for cereals 
Corn for dry processing 
Com for wet processing 
Corn for alcohol 
Barley for malt 
Barley for food 
Grain sorghum for food and industry 
Oats for cereal 
0.1072 bushel 
0.8106 bushel 
1.1642 bushel 
0.1353 bushel 
0.5710 bushel 
0.0386 bushel 
0.0280 bushel 
0.2348 bushel 
oats for cereal, and barley for food are distributed on the basis of 
the number of employees in the cereal preparations industry, as given 
in the 1967 Census of Manufacturers (53). The national demand of corn 
for dry processing is allocated by the proportion of corn mills within 
each consuming region, as given in The Northwestern Miller (13). 
The national demand of corn for wet processing is distributed among 
the consuming regions by the proportion of employees in the wet corn 
milling industry. The national demands of corn for alcohol and grain 
sorghum for food and industry are distributed by the number of employees 
in the distilled spirits industry. The national demand of barley for 
malt is allocated among the consuming regions on the basis of the sum 
of malt and malt liquor industries. Information on employee numbers 
and plant numbers is contained in the 1967 Census of Manufacturers (53). 
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In each consuming region these demands for feed grains are con­
verted to feed units. A feed unit is the amount of a crop that is 
equal to the feed value of a unit of corn grain. Feed unit conversion 
makes possible the aggregation of other feed grains (oats, barley, and 
grain sorghum), the aggregation of oilmeals (soybeans, soybean oilmeal, 
cottonseed, cottonseed oilmeal), and the substitution of wheat for 
corn and/or grain sorghum. The feeding value of each commodity in 
the study is: wheat, 1.05; oats, 0.90; barley, 0.90; grain sorghum, 
0.95; corn, 1.00; cottonseed oilmeal, 1.35; and soybean oilmeal, 1.65 
(23). 
Domestic Wheat Demands 
The per capita demand for wheat is set at 2.42 bushels. With an 
estimated population of 225,708,000 people, the national demand is 
546.2 million bushels. This quantity is held constant throughout the 
study. 
The national demand of wheat for food is al located to the con­
suming regions on the basis of the flour milling capacity of each 
consuming region. These capacities are reported in The Northwestern 
Miller (13). 
As with all grain crops in the study, domestic demands for food 
and industry are allocated to the consuming regions on the basis of 
processing capacities (or proxies such as employees, number of plants, 
etc.) instead of on population locations. The linear programming model 
does not contain separate transportation activities for a crop and 
products made from this crop. For instànce, there exist transportation 
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activities for corn grain from the consuming regions in \dilch it is 
produced to consuming regions where it is processed into cereals. 
But no transportation activities exist for moving the cereals from 
the processing plants to the consuming regions where it will be con­
sumed. Therefore, grain crops used for food and industry are allocated 
among the consuming regions on the basis of first usage. The first 
usage concept is also used in allocating oilmeals needed for domestic 
livestock production. 
Wheat used for livestock feeding is set at zero levels in the 31 
consuming regions. The linear programming model will allow wheat to 
replace corn and/or grain sorghum in livestock feeding if the relative 
prices indicate such an action is profitable. 
Domestic Oilmeal Demands 
Domestic oilmeal demands contain the demands for soybeans, soy­
bean oilmeal, cottonseed, and cottonseed oilmeal. In this study, 
oilmeal demands are specified for livestock feeding and soybean uses 
as protein sources in human diets. 
The national demand of oilmeals for livestock production is 
found by multiplying the number of grain-consuming animal units by 
the amount of oilmeals consumed per grain-consuming animal unit. 
Equation 3.12 shows the relationship used in this study: 
8 
(M, = 0.2013 * S EGCAU. (3.21) 
 ^ i=l  ^
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where: 
OM^  is the national demand for oilmeals used in livestock 
production; 
0.2013 is the 1971-73 feeding-year average consumption of 
the oilmeals in this study (29); and 
8 
E EGCAU. is the total number of grain-consuming animal units 
i=l 
produced in all livestock classes except other livestock. 
Although other livestock is not included in the oilmeal require­
ments, this category would not add much demand, since it is mainly 
composed of pets and zoo animals. The national demand is distributed 
among the consuming regions on the basis of the capacities of soybean 
crushing plants in each consuming region. The proportion of the 
national demand attributable to each consuming region is that reported 
by Koo (10). Cottonseed oilmeal demand for livestock is also distributed 
among consuming regions on the basis of the soybean crushing capacities. 
Data is not available to allocate cottonseed processing among the con­
suming regions, so cottonseed oilmeal demands by livestock are not 
separated from soybean oilmeal demands by livestock. 
It is assumed that an average of four pounds of soybean oilmeal 
would be used by humans as a protein source in their diets. The 
national demand totals 19.2 million bushels for this use. 
In each solution the oilmeal demands for egg production, turkey 
production, dairy production, horses and mules, and human consumption 
are the same. Oilmeal demands for beef, pork, broiler, and lamb 
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production can vary among solutions as the domestic demands for their 
livestock products change. 
Domestic Cotton Lint Demands 
As previously mentioned, only a national demand exists for cotton 
lint. For the trend fertilization solutions, the estimated per capita 
consumption of cotton lint is set at 18.20 pounds. This is the 
equivalent of 8.22 million bales containing 500 pounds of cotton lint, 
or 8.56 million bales containing 480 pounds of cotton lint. 
When fertilizer applications are limited to 50 pounds of nitrogen 
per acre, the domestic demand is lowered to 18.16 pounds of cotton 
lint per capita. This per capita usage is held constant for all 
solutions using the limited fertilization assumption. The national 
demand equals 8.20 million bales containing 500 pounds of cotton lint, 
or 8.54 million bales containing 480 pounds of cotton lint. 
Exports 
Actual quantities of crop exports for the 11 solutions are given 
in Chapter II, where the alternatives analyzed are discussed. Model 
solutions are assigned names that include a description of the export 
levels of wheat, com, and oilmeals. Exports of cotton lint and other 
feed grains are held at 1973 levels for all 11 solutions. 
Corn exports are assumed to be entirely composed of grain. Per 
capita consumptions of corn for food and industry included some exports 
of grain products. Other feed grain exports include the grain 
equivalent of products, since these uses are comparatively small to 
the total exports. Wheat exports are assumed to contain 90 percent 
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grain and 10 percent flour and products. Soybean exports are assumed 
to be 70 percent grain and 30 percent oilmeal. 
When oilmeal exports are increased above 1973 levels, the increase 
is made up of soybeans and soybean oilmeal. The cotton lint production 
is nearly the same for all solutions. Therefore, the cottonseed and 
cottonseed oilmeal supplies will remain nearly constant. Since oilmeal 
demands are satisfied through soybean and cotton production activities, 
the oilmeal demand increases must be met from soybean production. 
As with the domestic demands for cotton lint, no regional demands 
are specified for cotton lint exports. Exports of corn, other feed 
grains, wheat, and oilmeals are allocated on a consuming region basis. 
Wheat exports as grain are allocated among the consuming regions 
on the basis of the export shares of the ports contained in them. 
Exports of wheat composed of flour and products are distributed among 
the consuming regions on the basis of the flour milling capacity of 
each consuming region, the same procedure in allocating the domestic 
demand for wheat as food. Corn exports are allocated to the consuming 
regions according to the export shares of the ports within each 
consuming region. Soybean grain exports are also distributed accord­
ing to the export shares of ports. Soybean oilmeal exports are 
distributed among the consuming regions on the basis of the capacities 
of soybean crushing plants located within them, the same procedure 
used in allocating the domestic demand for soybean oilmeal. Cotton­
seed and cottonseed oilmeal are exported on the same basis as soybean 
grain exports. 
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Data used to allocate grain shipments from ports are contained in 
Waterborne Commerce of the United States (16, 17, 18). Ports are 
grouped according to consuming region. Total exports of a grain in 
the 1969 through 1971 calendar years for a consuming region are 
divided by national exports for these years. The resulting proportions 
are used to allocate each of the grain exports (corn, wheat, other 
feed grains, and soybeans) in all model solutions. 
After all previously mentioned domestic and export demands are 
summed for each crop, the sums are adjusted for seed requirements. 
National percentages are obtained by dividing historic productions 
by historic seed uses by each of the crops. Table 11 contains the 
percentages used in this study for seed requirements. These percentages 
are based on data from 1969 through 1973 (19). No seed requirements 
are specified for cotton production. It is assumed that cotton yields 
include a reduction for seed usage. 
Table 11. Seed requirements 
Total Demands 
Crop 
Seed use as a 
percentage of production 
Wheat 
Com 
Oats 
4.2640 
0.3074 
6.5049 
3.9461 
0.2725 
4.3100 
Barley 
Grain sorghum 
Soybeans 
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National seed demands equal the total productions times the seed 
percentages. These demands are allocated to the consuming regions on 
the basis of their share of the 1970-72 productions of the grain crops. 
Data for this allocation is found in Crop Production 1972 Annual 
Summary (51). 
A problem develops when using this method of adjusting for seed. 
It is possible that a consuming region is assigned a seed demand even 
though it produces none of the crop. Therefore, this consuming region 
would receive some of the crop from another consuming region for seed 
which would not be used. This problem does not appear very serious, 
since the seed percentages are small and the cost of transporting such 
small quantities would not greatly affect the total costs. 
The separate demands for each of the crops are presented in 
Table 12. National demands are the summation of the separate demands. 
All 31 consuming regions have separate demands for wheat, corn, other 
feed grains, and oilmeals. The cotton demand is handled through a 
single national demand. 
Adjustment for White Area Production 
National production of the crops in this study includes areas 
outside of the 150 producing areas. In 1969 the areas not included 
in the 150 producing areas produced 1.2, 3.2, 3.0, and 1.0 percent 
of the national production of soybeans, wheat, feed grains, and cotton, 
respectively (56). Because they add little to production and are 
scattered all over the continental United States, these areas are 
accounted for outside of the linear programming model. 
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Table 12. Crop demands included in the study 
Crop Demands included 
1) Wheat 1) Domestic demand as food 
2) Export demand 
3) Livestock feeding 
4) Seed use 
2) Corn 1) Livestock feeding 
2) Demands for food and industry 
3) Export demand 
4) Seed use 
3) Other feed grains 1) Livestock feeding 
(oats,  barley, grain 2) Demands for food and industry 
sorghum) 3) Export demand 
4) Seed use 
4) Soybeans 1) Domestic use as food 
2) Livestock feeding 
3) Export demand 
4) Seed use 
5) Cotton 1) Oilmeal use in livestock feeding 
2) Domestic demand for lint 
3) Exports of lint and oilmeals 
N^ot determined outside of the linear programming model. 
The demand estimates for 1980 are reduced to account for the 
productions in the White Area. Acreages in these areas are equal to 
the 1969 acreages plus an adjustment for the land retired in the feed 
grain and wheat programs. The acreages are presented in Table 13. 
Yields for the trend fertilization solutions are calculated by 
multiplying the 1964 yields by the changes in corresponding state 
yields from 1964 to 1970-72. Total productions in the White Area 
based on these yields are shown in Table 14. Yields in the White Area 
are reduced from the trend fertilization solutions when the limitation 
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Table 13. White Area acreages in 1980 
Farm Harvested acres of: 
production Other feed 
region Wheat Corn grains Soybeans Cotton 
Northeast 145,757 493,979 647,965 9,570 0 
Appalachian 205,446 882,899 251,138 334,859 1,239 
Southeast 5,817 56,134 24,547 19,554 3,077 
Delta States 8,613 69,709 39,816 364,652 38,285 
Corn Belt 18,085 63,343 13,436 20,261 1,269 
Lake States 47,709 125,301 341,758 5,226 0 
Northern Plains 4,212 80,751 16,699 172 0 
Southern Plains 125,424 42,614 271,668 74,834 42,547 
Mountain 696,633 77,931 908,175 189 2,891 
Pacific 401,417 94,329 1,019,303 0 16,612 
United States 1,659,113 1,986,990 3,534,505 829,317 105,920 
Table 14. White Area productions under the trend fertilization 
assumption 
Farm Productions of: 
production Other feed 
region Wheat Corn grains® Soybeans Cotton 
(1,000 bushels) (bales)b 
Northeast 5,486 36,668 18,754 207 0 
Appalachian 8,148 58,570 8,748 7,764 1,027 
Southeast 192 1,892 552 705 2,129 
Delta States 265 2,857 1,320 8,457 43,067 
Corn Belt 517 3,864 647 407 1,129 
Lake States 1,490 7,645 7,507 86 0 
Northern Plains 96 4,433 340 4 0 
Southern Plains 3,064 3,345 7,367 1,378 22,300 
Mountain 33,408 6,315 40,018 3 2,983 
Pacific 16,471 9,477 41,336 0 33,058 
United States 69,137 135,066 126,589 19,011 105,693 
O^ther feed grains is expressed in bushels of com equivalent. 
B^ales contain 500 pounds of cotton lint. 
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on fertilization is in effect. Total productions in the White Area 
•when the nitrogen application rate is limited to 50 pounds per acre 
are presented in Table 15, 
Table 15. White Area productions under the limited fertilization 
assumption 
Farm 
production 
region 
Productions of: 
Wheat Corn 
Other feed 
grains® Soybeans Cotton 
(1,000 bushels) (bales)b 
Northeast 4,937 33,001 16,879 207 0 
Appalachian 7,333 52,713 7,873 7,764 924 
Southeast 173 1,703 497 705 1,916 
Delta States 239 2,571 1,188 8,457 38,761 
Com Belt 466 3,478 583 407 1,016 
Lake States 1,341 6,880 6,756 86 0 
Northern Plains 87 3,990 306 4 0 
Southern Plains 2,758 3,011 6,630 1,378 20,070 
Mountain 30,067 5,683 36,016 3 2,685 
Pacific 14,824 8,529 37,202 0 23,140 
United States 62,225 121,559 113,930 19,011 88,512 
O^ther feed grains is expressed in bushels of corn equivalent. 
B^ales contain 500 pounds of cotton lint. 
The consuming region demand for a crop is reduced by the amount 
of production found in the White Area which is contained in the con­
suming region. If this procedure results in a negative demand for 
any consuming region, the excess supply is allocated to neighboring 
consuming regions. 
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CHAPTER IV. MODEL COEFFICIENTS 
The linear programming model used in this study contains many 
coefficients. The demands discussed in Chapter III are part of the 
right-hand sides of the model. Other model coefficients are now 
discussed. Estimation of these coefficients drew heavily on previous 
work done at Iowa State University. 
Fertilizer Usage 
Two different levels of fertilization for 1980 are examined in 
this study. One level is based on the assumption that farmers will 
fertilize following the trend from 1964 through 1973. Model solu­
tions using this assumption are called trend fertilization solutions. 
Both the acres fertilized and the amount of fertilizer per acre 
follow the trend. This assumption is used to show the effects of 
high application rates of fertilizer in meeting alternative crop 
exports as well as domestic demands. The probability of trend 
fertilization levels in 1980 appears very low at this time,-but the 
assumption is used to show the importance of fertilizer in crop 
production. 
The other level of fertilization is based on the assumption that 
farmers are not allowed to apply over 50 pounds of nitrogen pier acre. 
The percentage of acres fertilized follows the trend from 1964 through 
1973. This assumption is used to show the effects of smaller fertilizer 
applications in meeting specified crop demands. Fertilizer use in 
1980 could be limited if environmental concerns over water pollution 
resulted in restrained fertilizer usage. If natural gas supplies 
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decrease or higher prices continue for natural gas, fertilizer produc­
tion could be decreased by 1980. 
It is assumed that the yields of nonlegume crops are a function 
of nitrogen fertilization. Soybean yields are assumed to be a function 
of phosphorus fertilization. The functional relationships used to 
predict a yield for each level of fertilizer use are given in Crop 
Yield Response to Fertilizer in the United States (8). Given these 
production functions, the major task remaining is to predict fertilizer 
usage. This estimation is carried out in two distinct steps: 
1. Estimation of the amount of land receiving any fertilizer 
for each producing area and each crop; and 
2. Estimation of the amount of fertilizer applied to land 
receiving any fertilizer for each region and crop. 
Proportion of land receiving any fertilizer 
Both the trend fertilization and limited fertilization crop 
activities have the same amounts of land being fertilized in each 
producing area for each crop. The adoption of technical innovations 
is widely held to be a function of time as well as economic and demo­
graphic characteristics of the subject population. In this study 
failure to fertilize a crop is hypothesized to result from incomplete 
adoption based on a lag in the learning and awareness processes as 
suggested by Seal and Bohlen (1). This hypothesis is used because 
input prices are held constant and fertilization is assumed to be 
profitable. 
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Ordinary least squares regression is used to project the propor­
tion of land receiving any fertilizer (nitrogen for nonlegume crops 
and phosphorus for soybeans). Data are reported in issues of Crop 
Production (42, 43, 44, 45, 46, 47, 48, 49, 50). The form of the 
regression is shown in Equation 4.1: 
PF = Of + pt (4.1) 
where : 
PF is the proportion of cropland receiving any fertilizer for a 
given crop, year, and state; 
0/  is  the intercept which is constant over time, but may vary by 
crop and state; 
B is the regression coefficient which is constant over time, but 
may vary by crop and state; and 
t is the time index (years expressed with the first year equal 
to one). 
All regressions do not have the same number of observations. If 
the regression coefficients are not statistically significant, the 
larger of the observations average or the 1971-73 average is used. 
States without data are assigned the results of neighboring states 
with data. All producing areas in a state follow the same percentage 
change as the state as a whole from 1964 to 1980. In all state and 
crop estimates, the percent of land receiving any fertilizer cannot 
vary more than 20 percent from the 1971-73 average. 
The percent of cotton land receiving any nitrogen is statistically 
significant only in California. No data were found for fertilization 
of other feed grains. It is assumed that grain sorghum will follow 
61 
the same changes as corn, while oats and barley will change at one-
half the change for corn. 
Rate of fertilizer application 
Motivations for changing application rates are similar to those 
for adjusting the proportion of land receiving any fertilizer: 
1. Changed physical productivity of fertilizer; 
2. Changed price relationships; or 
3. Changed user adoption. 
For this study, the assumption of trend fertilization is described 
by a simple linear time trend. The relationship used is expressed in 
Equation 4.2: 
= a + bT (4.2) 
where : 
is the application rate (in pounds of nitrogen per acre for 
nonlegume crops or pounds of phosphorus per acre for soybeans) 
for each area receiving such fertilizer in year T by state and 
crop; 
T is a linear time series of years since the first observation; 
and 
a and b are parameters of the equation which are constant over 
time, but may vary among states and crops. 
Data needed for the ordinary least squares regressions are reported 
in issues of Crop Production, the same source used in estimating the 
amount of land receiving any fertilizer. The number of observations 
varies among the regressions. When regression coefficients are not 
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statistically significant, the larger of the mean of observations or 
the 1971-73 average is used as the application rate. The lack of data 
for certain states made it necessary to use the results of neighboring 
states with data. Each producing area within a state follows the same 
percentage change as the state as a whole from 1964 to 1980. The 
1980 estimated application rates for each state and crop cannot vary 
20 percent from the 1971-73 averages. Most of the estimated nitrogen 
application rates on cotton land are based on either the observations 
mean or the 1971-73 average. 
After estimating nitrogen application rates for the trend fertiliza­
tion assumption, crop activities with the limited fertilization assump­
tion are easy to calculate. Those crop activities with over 50 pounds 
of nitrogen applied per fertilized acre are reduced to a usage of 50 
pounds per acre. Crop activities using no more than 50 pounds of 
nitrogen per fertilized acre remain unchanged. Therefore, all soy­
bean producing activities have the same fertilizer use for both 
fertilizer assumptions. 
Crop Yields 
Regression results are applied to the percent fertilized and 
application rate data supplied by Ibach and Adams (8). Their 1964 
data is converted to 1980 estimates by multiplying the 1964 data by 
the assumed changes in fertilization from 1964 to 1980. For example, 
consider corn grain production in producing area 89 in consuming 
region 23. This region is located in the southeastern part of South 
Dakota. 
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Equation 4.1 indicates that 1980 com production in South Dakota 
will have 64 percent of corn land receiving any fertilizer. In 1964 
South Dakota had 25 percent of the corn land receiving any fertilizer. 
The percentage change from 1964 to 1980 is 256 percent (64/25). Accord­
ing to Ibach and Adams, the region corresponding to producing area 89 
produced corn with 37.4 percent of the acres receiving any fertilizer. 
Multiplying 37.4 by 2.56 results in the estimate that 95.7 percent of 
corn acres will receive fertilizer in 1980. Both fertilizer assump­
tions will use 95.7 percent of the corn acres in producing area 89 
being fertilized. 
A similar procedure is used to estimate the nitrogen application 
rate on these fertilized acres. Equation 4.2 specifies the average 
nitrogen application on fertilized corn in South Dakota will be 69 
pounds per acre in 1980. South Dakota had 30.5 pounds of nitrogen 
applied on each acre of fertilized corn in 1964. The percentage change 
from 1964 to 1980 is 226 percent (69/30.5). According to Ibach and 
Adams, fertilized corn acres in the region being analyzed had an 
average nitrogen application rate of 40.0 pounds per acre in 1964. 
Multiplying 40.0 by 2.26 results in an estimated nitrogen application 
rate of 90.4 pounds per fertilized acre of corn in 1980. This 
application rate for producing area 89 is reduced to 50 pounds per 
fertilized acre under the limited fertilization assumption. 
Ibach and Adams also furnish data on the amounts of phosphorus 
and potassium needed for alternative levels of nitrogen application. 
In addition, they also supply yields under alternative nitrogen 
applications. For a few crops and areas, the yields appeared too high 
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based on historic yields and fertilizer usage. The yields were theri 
reduced to conform more closely with actual farm yields. 
The yield for a particular crop in a producing area is derived 
as shown in Equation 4.3: 
Y = Fy Y? + (1 - Yq (4.3) 
where : 
Y is the yield coefficient used in the linear programming model; 
Y^  is the expected yield with normal weather on fertilized acres; 
YQ is the expected yield with normal weather on unfertilized acres; 
and 
is the proportion of land in a producing area that receives 
any fertilizer (nitrogen for nonlegume crops and phosphorus 
for soybeans). 
The combination yield for other feed grains is derived by multiplying 
rotational weights by the yield coefficients obtained from Equation 
4.3. These rotational weights are those calculated from data in the 
U.S. Census of Agriculture, 1964 (55). 
Yields for the five crop categories in the 150 producing areas 
under the trend fertilization assumption are shown in Table 16. All 
yields are expressed in tons of feed units except for cotton which 
is in bales of 500 pounds of lint per acre. A ton of feed units 
equals 31.746 bushels of wheat, 35.714 bushels of corn, 69.444 bushels 
of oats, 46.296 bushels of barley, 37.594 bushels of grain sorghum, 
and 25.714 bushels of soybeans. Cottonseed yields are directly 
related to cotton yields and production locations. Data used to 
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Yield coefficients of the crops in the 150 producing areas 
of the model when based on trend fertilization 
Wheat Corn 
Other feed 
grains Soybeans 
Cotton 
lint 
(tons of feed units) (bales) 
1.31040 1.8648 1.33920 0.97225 — — — 
1.35765 2.1812 0.78464 1.08114 — — — 
1.25370 1.8872 1.19306 1.01114 — — — 
1.33560 2.7132 1.19458 1.14337 - — — 
1.24740 2.5060 0.96358 0.83225 — — — 
0.97335 2.4080 1.20562 0.82836 0.796 
1.23480 2.7020 1.11486 1.12003 1.008 
1.06470 3.0128 0.85631 0.79725 0.790 
1.07100 3.0016 1.20682 0.81669 0.920 
1.14030 3.3320 0.84996 0.97614 0.772 
0.95760 2.2512 0.63165 1.14726 0.800 
0.98910 2.2848 0.45068 1.05392 0.700 
— — — 1.9152 — — — 1.20559 0.680 
1.08360 2.1896 0.81402 0.84780 1.032 
1.00485 2.3044 0.66086 1.12392 1.060 
1.10880 2.8364 1.26662 0.71558 — — — 
— — — 3.0016 1.04594 0.81669 — — — 
— — — 2.4808 1.10019 0.77780 1.032 
- — — 2.0104 0.51840 1.40004 0.626 
0.90720 1.3860 0.52256 0.99170 0.990 
— — — 1.5036 0.58328 0.91003 — — — 
0.95130 1.1956 0.52988 1.12003 — — — 
1.02690 1.5428 0.54711 1.31837 0.824 
0.84735 1.7808 0.95501 0.77780 0.860 
1.00485 1.8452 0.90205 0.99947 1.104 
0.76545 2.0244 0.99206 0.77780 0.988 
0.83790 1.3300 0.67711 0.93336 1.050 
1.33875 2.1980 1.05982 1.02670 0.908 
1.53720 2.1560 1.15657 1.19781 1.152 
— — — 1.2068 0.97225 1.334 
1.35765 1.9852 1.34067 1.13948 1.082 
1.11195 2.1420 0.99589 1.10837 1.140 
1.21275 2.4948 1.01921 0.96836 — - — 
1.21275 2.4948 0.87491 0.96836 1.238 
0.98280 2.4024 0.73218 0.80113 — — — 
1.36080 2.9064 0.79559 1.23281 — — — 
1.13400 2.5228 0.74190 1.09281 — — — 
1.27260 2.6404 0.90741 1.09281 — — — 
1.48050 2.7412 1.00682 1.18226 — — — 
1.42065 2.6768 0.77474 1.03059 — — — 
1.34190 2.6656 1.26148 1.11225 — — — 
1.48680 3.2424 0.91330 1.09670 — — — 
1.49310 3.1164 0.90907 1.15892 - — — 
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Table 16. Continued 
Producing 
area Wheat Corn 
Other feed 
grains Soybeans 
Cotton 
lint 
(tons of feed units) (bales) 
44 1.32300 2.8952 0.91557 1.10837 - — — 
45 1.26630 1.9432 0.75141 0.82058 - — — 
46 1.31985 2.2316 0.91123 1.03059 - — — 
47 — — — 2.0552 0.83012 1.06170 - — — 
48 1.46475 2.6320 0.87986 1.08892 
49 — — — 2.8784 0.92514 1.06948 
50 1.36080 3.2508 0.97577 1.34171 
51 1.55295 3.2032 0.78080 1.38060 
52 1.39860 2.4780 0.72434 1.20948 
53 1.30095 2.2148 0.72283 1.10448 
54 1.29780 2.3240 0.81050 0.86725 
55 1.45215 2.7916 0.74089 1.19003 
56 0.99225 1.0920 0.73434 0.82447 1. 500 
57 0.91035 1.3300 0.63654 0.92169 0. 968 
58 0.88516 1.2012 0.69899 0.86336 1. 068 
59 0.89145 1.3608 0.62389 1.03447 0. 904 
60 1.35765 1.9852 1.00878 0.82447 1. 270 
61 1.02060 1.6212 0.64090 0.92169 
62 1.02060 1.6212 0.60317 0.92169 0. 814 
63 1.10565 2.2372 0.82696 1.60616 1. 140 
64 — — — 1.9880 1.14762 1.62949 -— 
65 1.05840 2.2120 1.04745 1.03059 -— 
66 0.91035 2.6544 0.81091 1.14337 -—— 
67 0.92610 2.5200 0.57465 1.02281 -—— 
68 1.09305 3.0884 0.71163 1.21337 -— 
69 1.09305 3.0884 0.71331 1.21337 - —— 
70 1.02690 2.4220 0.76096 0.93725 -—— 
71 1.04265 2.9036 0.84719 1.22115 -— 
72 0.91035 2.6544 0.70633 1.14337 -— 
73 1.06155 2.8476 0.75221 1.07336 -
74 1.24110 2.9484 0.87354 0.99558 -- -
75 1.16865 2.6572 0.77996 0.80891 -- -
76 — — — 2.2428 0.75202 0.79725 — 
77 0.99540 1.9712 0.63874 0.75447 - -
78 1.03320 2.1168 0.64139 0.49779 - •  — 
79 1.11195 1.8480 0.89887 0.66891 — --
80 0.98280 1.2432 0.88908 0.72335 -• — 
81 0.89775 1.2068 0.75042 0.71169 -• — 
82 0.89775 1.2068 0.74882 — — — - •  --
83 0.64890 — — — 0.61540 — — — - •  --
84 0.89775 1.2068 0.69847 0.71169 - •  --
85 0.77175 0.9520 0.60682 0.55613 - •  --
86 1.03005 0.9520 0.51843 0.55613 - •  --
87 1.05525 1.5092 0.68206 0.55613 - ---
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Continued 
Wheat Corn 
Other feed 
grains Soybeans 
(tons of feed units) 
1.04580 1.0556 0.63400 0.70780 
0.89775 2.0188 0.78671 0.79725 
0.95130 2.3380 1.39557 1.08503 
0.76230 2.9400 0.39067 — — — 
0.68040 3.1976 0.68205 — — — 
0.85050 3.1360 1.80631 0.93725 
0.85050 3.1360 2.13931 0.93725 
0.95130 2.3380 2.53438 1.08503 
1.48995 3.4944 2.75878 1.02670 
1.53090 2.6404 1.90508 0.82058 
1.79550 2.4920 1.74937 0.84391 
1.79550 2.4920 2.03894 0.84391 
1.16550 3.7576 1.91117 0.84391 
1.31670 2.5032 1.71473 0.62224 
1.31670 2.5032 1.68900 0.62224 
0.73710 4.3148 2.00163 0.84391 
0.73710 — — — 2.21679 0.84391 
1.41435 4.3148 1.35263 0.68446 
1.20330 0.8148 0.87198 0.70780 
0.60795 — — — 0.87517 — — — 
1.39545 2.4276 0.97285 0.70780 
1.39545 2.4276 1.11994 0.87114 
0.97965 1.5036 0.82608 0.89836 
0.87885 1.2684 0.73741 0.87114 
0.73395 2.9932 3.27178 1.38448 
0.55440 0.9772 0.56681 — — — 
0.72765 2.9120 1.78458 0.85558 
0.63945 1.3608 0.59684 0.92558 
0.50715 1.3356 0.80257 *• — — 
0.72135 1.4868 1.32717 1.16670 
0.63945 1.3608 0.71493 0.85558 
— — — 1.4560 1.21393 0.85558 
— — — 1.2012 0.69834 0.86336 
— — — 1.4560 0.58277 — — — 
0.50715 1.3356 0.76486 — — — 
— — — 1.4868 1.61288 — — — 
0.50715 1.3356 1.36914 — — 
— — — 1.4840 1.55373 — — — 
0.50715 1.4868 1.36183 — — — 
— — — — — 1.16192 0.92558 
0.50715 1.4868 1.29587 - — — 
— — — — — — 2.92935 — — — 
1.38915 2.7356 2.48206 — — — 
0.51345 1.5428 0.87664 — — — 
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Continued 
Other feed Cotton 
Wheat Corn grains Soybeans lint 
(tons of feed units) (bales) 
0.51345 1.5428 0.85947 — — — — 
0.51345 1.5428 0.64694 — — — — 
0.65520 1.5428 0.83037 — — — — 
1.49625 2.5760 0.94062 — — — — 
0.80955 1.7388 0.59661 — — — — 
0.86940 1.8228 0.69960 •> — — — 
1.27575 — — — 0.83251 — — — — 
1.08045 — — — 0.74938 — " — — 
1.22535 2.5648 0.92987 — — — — 
1.95300 2.5648 1.20798 — — ^  — 
2.04750 2.7496 1.88901 2.084 
1.70100 2.7496 1.79982 2.854 
1.70100 2.9456 1.69814 2.186 
1.70100 2.9456 1.77828 — — — — 
— — — — — — 0.98938 - — —— 
0.99225 2.4192 0.80024 - — — — 
1.75770 — — — 1.05817 - — — 
1.31040 2.8028 0.84042 - — — — 
1.14345 2.4304 0.68245 " — — — 
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define the relationship between cotton and cottonseed yields are based 
on 1971-73 averages (27, 52). 
Yields for crops in the 150 producing areas, that are produced 
with 50 pounds or less of nitrogen fertilizer per fertilized acre are 
presented in Table 17. Soybean activities are the same for both 
fertilizer assumptions, since less than 50 pounds of nitrogen is 
applied per fertilized acre under the trend fertilization assumption. 
Thus, soybean yields are not repeated in Table 17, but can be found 
in Table 16. 
Crop Production Costs 
Each of the 595 crop production activities has to have a cost 
coefficient. These cost coefficients are specified in the objective 
function of the linear programming model. Only 595 production activities 
are specified for the 150 producing areas, since some producing areas 
do not produce all five of the crop categories. 
Crop production costs include expenditures for labor, power and 
machinery, lime, seed, fertilizer, pesticides, irrigation, interest 
on operating capital, drying, and storage. Except for cotton produc­
tion and all fertilizer costs, the crop production costs are from 
Mayer and Hargrove's cost data (12). Cotton production costs, exclud­
ing fertilizer costs, are derived from data in Costs of Producing 
Upland Cotton in the United States, 1969 (24). 
Fertilizer costs depend on the application rates and the amount 
of land receiving any fertilizer. Methods used in estimating these 
items are discussed earlier in this chapter. As with all other 
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Table 17. Yield coefficients of the crops in the 150 producing areas 
of the model when based on limited fertilization 
roducing Other feed Cotton 
area Wheat Corn grains lint 
(tons of feed units) (bales' 
1 1.31040 1.8648 1.33920 " — " 
2 1.35765 2,1812 0.78464 —  —  —  
3 1.22850 1.1284 1.19306 —  —  —  
4 1.16865 2.1560 1.19458 —  —  —  
5 1.24740 2.0216 0.86747 "  — —  
6 0.87255 1.7332 1.05306 0.796 
7 1.03005 1.1144 0.97800 1.008 
8 0.90405 1.5764 0.78000 0.790 
9 0.99540 1.9012 0.89164 0.920 
10 0.98595 1.7892 0.77954 0.772 
11 0.80325 1.0248 0.51531 0.800 
12 0.84105 1.0556 0.46636 0.700 
13 —  —  —  1.2180 —  "  —  0.680 
14 0.97020 1.3356 0.93560 1.032 
15 0.80955 1.4252 0.55263 1.060 
16 0.91350 1.7164 0.95669 —  "  —  
17 —  -  —  1.9012 0.70601 —  —  —  
18 —  —  —  1.7108 0.96696 1.032 
19 —  —  —  0.8456 0.51120 0.626 
20 0.90720 1.0948 0.52256 0.990 
21 —  —  —  1.1228 0.58328 —  -  —  
22 0.95130 1.0080 0.52988 —  -  —  
23 1.02690 1.1816 0.54711 0.824 
24 0.75285 1.2600 0.82950 0.860 
25 1.00485 1.2012 0.77828 1.104 
26 0.66465 1.3972 0.85759 0.988 
27 0.77805 0.9884 0.62719 0.902 
28 0.78435 1.5176 1.05490 0.752 
29 1.26315 1.7080 1.13877 0.952 
30 — — — 0.8792 —  —  —  1.240 
31 1.20645 1.3860 1.14715 1.048 
32 1.05525 1.5680 0.86508 1.140 
33 1.18125 1.9068 1.00040 
34 1.18125 1.9068 0.86855 1.238 
35 0.94815 1.8116 0.72784 —  —  —  
36 1.36080 2.4108 0.79559 -  -  —  
37 1.13400 2.4640 0.74190 
38 1.27260 2.6040 0.90741 "  — —  
39 1.46160 2.5340 1.00682 —  —  —  
40 1.28205 2.1252 0.76849 -  —  —  
41 1.34190 2.2176 1.12066 —  -  —  
42 1.37025 2.4360 0.99073 —  -  —  
43 1.37970 2.3520 0.90907 —  —  —  
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Continued 
Other feed Cotton 
Wheat Corn grains lint 
(tons of feed units) (bales) 
1.37025 2.1840 0.91557 —  —  —  
1.26630 1.5736 0.75141 —  —  —  
1.31670 1.9152 0.91123 —  —  —  
—  "  —  1.9236 0.83012 -  —  —  
1.46475 2.4472 0.87986 —  —  —  
2.6264 0.92514 —  "  —  
1.35765 2.5648 0.97577 —  —  —  
1.47420 2.4332 0.78080 —  —  —  
1.33560 1.8900 0.75670 —  —  —  
1.26000 1.5064 0.76993 —  —  —  
1.23480 1.5064 0.76301 —  —  —  
1.40175 2.0524 0.73580 —  —  —  
0.90090 , 0.7784 0.67589 1.264 
0.85680 0.9884 0.59439 0.850 
0.80640 1.0332 0.68479 0.876 
0.72765 1.1256 0.62389 0.870 
1.09935 1.3860 0.97092 1.230 
0.94185 1.1032 0.64011 —  —  —  
0.94185 1.1032 0.60281 0.814 
1.06470 1.7444 0.78494 1.140 
—  -  —  1.5036 0.93250 —  —  —  
0.96705 1.7220 0.91923 —  —  —  
0.89145 2.1452 0.77977 —  —  —  
0.91035 2.0888 0.56952 —  —  —  
1.07730 2.5284 0.71163 —  — —  
1.07730 2.5284 0.71291 —  — —  
1.02060 1.9656 0.76057 —  —  —  
1.03320 2.4836 0.84599 -  —  —  
0.89145 2.1952 0.69952 — — — 
1.06155 2.4332 0.75221 —  —  —  
1.24110 2.4892 0.87354 —  -  —  
1.16865 2.1196 0.77996 —  —  —  
—  —  —  1.9488 0.75202 —  — —  
0.99540 1.7556 0.63874 —  —  —  
1.03320 1.8788 0.64139 —  —  —  
1.08360 1.7500 0.89887 —  —  —  
0.98280 1.2432 0.88908 —  —  —  
0.89775 1.2068 0.75042 
0.89775 1.2068 0.74882 — -  —  
0.64890 —  —  —  0.61540 —  —  —  
0.89775 1.2068 0.69847 —  -  —  
0.77175 0,9408 0.60682 —  —  —  
1.03005 0.9408 0.51843 -  -  —  
1.05525 1.3804 0.68206 —  —  —  
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Table 17. Continued 
Producing Other feed Cotton 
area Wheat Corn grains lint 
(tons of feed units) (bales) 
88 1.01430 1.0360 0.62965 —  — —  
89 0.89775 1.6828 0.76829 " — — 
90 0.95130 1.4840 1.02557 
91 0.76230 1.6716 0.38943 —  — —  
92 0.68040 1.6100 0.61217 —  —  —  
93 0.85050 1.6940 1.30029 —  —  —  
94 0.85050 1.6940 1.51398 —  -  —  
95 0.95130 1.4840 1.72399 —  —  —  
96 1.48050 1.6576 1.65354 —  —  —  
97 1.28520 1.5848 1.45256 —  —  —  
98 1.54035 1.4392 1.33142 —  —  —  
99 1.54035 1.4392 1.50687 —  —  —  
100 1.09305 1.9068 1.30268 —  —  —  
101 1.23165 1.5120 1.26783 —  — —  
102 1.23165 1.5120 1.26290 —  —  —  
103 0.72765 1.9712 1.69105 —  —  —  
104 0.72765 —  —  —  1.86517 —  —  —  
105 1.32615 1.9712 1.18035 0.528 
106 1.13085 0.5600 0.85300 0.740 
107 0.60795 —  —  —  0.74650 0.588 
108 1.30095 1.4448 0.91938 0.602 
109 1.30095 1.4448 1.08804 0.602 
110 0.97965 1.2320 0.81513 0.574 
111 0.83790 0.9268 0.69019 0.624 
112 0.68355 1.9908 1.68106 1.186 
113 0.55440 0.7952 0.55516 0.416 
114 0.69300 1.7836 0.92345 0.774 
115 0.63945 1.2320 0.56475 0.408 
116 0.50400 1.0976 0.72345 0.626 
117 0.71190 1.2544 1.21856 0.408 
118 0.63945 1.2320 0.65971 0.408 
119 —  —  —  1.0304 1.04865 0.794 
120 —  —  —  1.0332 0.68407 0.876 
121 —  —  —  1.0304 1.04068 0.794 
122 0.50400 1.0976 0.69060 0.626 
123 — — — 1.2544 1.47992 0.408 
124 0.50400 1.0976 1.21645 0.626 
125 —  —  —  1.1956 1.30149 0.904 
126 0.50400 1.0976 1.21009 0.626 
127 —  —  —  —  —  —  1.02736 1.234 
128 0.50400 1.0976 1.15258 0.626 
129 —  —  —  —  —  —  1.95353 0.976 
130 1.35450 2.1084 1.54472 1.180 
131 0.51345 1.3720 0.86898 —  —  —  
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Continued 
Other feed Cotton 
Wheat Corn grains lint 
(tons of feed units) (bales) 
0.51345 1.3720 0.85206 —  —  —  
0,51345 1.3720 0.64249 —  —  —  
0.64260 2.2680 0.83712 — — — 
1.39230 1.6240 0.91304 — — — 
0.80955 1.7388 0.59661 —  —  —  
0.86940 • 1.8228 0.69960 — — 
1.27575 0.83251 —  —  —  
1.08045 — — — 0.74938 — — 
1.15290 2.2428 0.92987 —  —  —  
1.66950 2.2428 1.20798 —  —  
1.53720 2.1084 1.59119 1.788 
1.53720 2.1084 1.46924 2.178 
1.44900 2.2596 1.50690 1.920 
1.44900 2.2596 1.53482 —  — —  
—  —  - —  —  —  0.98938 —  —  —  
0.99225 1.4952 0.80024 —  —  —  
1.75770 —  —  — 1.05817 —  -  —  
1.31040 1.8788 0.84042 —  —  —  
1.14345 1.4728 0.68245 —  —  —  
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production costs, fertilizer costs are expressed in 1969 dollars. 
Crop prices generated by the linear programming model are changed 
from 1969 to 1973 dollars. This adjustment is accomplished by 
multiplying the model crop prices by 1.38, the change in the index 
of prices paid by farmers for production items from 1969 to 1973 
(39). 
Land costs are not included in crop production costs. The linear 
programming model assigns values to land in each of the 150 producing 
areas. Land is a fixed resource in the model and receives any residual 
return depending on the level of usage in each producing area. 
Much of the data borrowed from Mayer and Hargrove is originally 
derived by Eyvindson (3). Eyvindson's calculations for a representa­
tive farm are chosen for all producing areas. Drying costs were not 
estimated for crops other than corn grain and sorghum grain, since 
only a small portion of the other crops is dried. 
The cost of using a machine includes depreciation, shelter, 
insurance, taxes, repairs, lubrication, and fuel and oil. Except 
for cotton, crop production costs are based on a sequence of field 
operations for each machine as developed by Eyvindson. This sequence 
is weighted by the cost of using each machine to reflect machinery 
costs per acre. Different sequences are specified for irrigated and 
diryland production. The total cost for each activity is computed as 
the weighted average of irrigated and dryland machinery costs. 
Pesticide costs are obtained from unpublished state data 
collected for the 1964 Pesticide Uses Survey by the U.S.D.A., as 
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developed by Eyvindson (3). State pesticide costs are then assumed 
to be applicable for all of the producing areas within it. 
Labor requirements are also calculated by Eyvindson. These labor 
costs include the labor needed to operate the machinery as well as 
labor needed for tasks such as the repair and service of equipment. 
Separate labor requirements are estimated for irrigated and dryland 
production and then summed according to the proportion of each. 
State estimates of wage rates for hired labor are then applied to these 
labor requirements to determine a per acre labor cost. Thus, the 
imputed wage rate of farm operators is set equal to the wage of hired 
workers. 
Cost components are summed to form the nonland production costs 
for the crops. Other feed grain production costs are a weighted 
average of barley, oats, and grain sorghum costs. These weights are 
the rotational weights of these crops in 1964 (55). 
Separate sets of crop costs had to be developed for the trend 
fertilization and limited fertilization crop activities. Fertilizer 
and drying costs can differ between the two fertilization levels for 
a crop in a producing area, except for soybean production. The remain­
ing costs are equal for both fertilization levels for a specific crop 
in a certain producing area. Soybean production costs do not change 
by fertilization assumption, since small amounts of nitrogen are 
applied per acre and none of the crop is dried. Drying costs for 
corn and grain sorghum are adjusted for yield changes when fertilizer 
usage is modified. 
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Tables 18 and 19 show the nonland production costs for the five 
crop categories. As expected, nonland production costs are higher 
for the trend fertilization usage when more than 50 pounds of nitrogen 
per acre is applied. Because soybean nonland production costs are the 
same for both fertilization levels, they are not repeated in the 
limited fertilization crop activities in Table 19. 
Land Base 
Each of 150 producing areas has a land constraint in the linear 
programming model. Acreages of the seven crops in the model (corn 
grain, sorghum grain, barley, oats, wheat, soybeans, and cotton) cannot 
exceed the amount of land available for each producing area. The 
amount of land available in each producing area equals the 1969 
harvested acreages of the seven crops plus the acres retired under 
the feed grain and wheat programs in 1969 (56, 21). Since cotton 
producers did not withhold cropland from production in 1969, no 
adjustment was necessary for land retired under the cotton program. 
There are 230.7 million acres of available cropland in the 150 producing 
areas. 
Upper bounds are specified for most of the 595 crop activities 
among the 150 producing areas. These restraints do not permit a 
producing area to devote all of the available cropland to the produc­
tion of a single crop. It is unlikely that a farmer would plant his 
entire acreage to a single crop, or that he would have the necessary 
equipment and storage to shift all land into the production of a 
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Table 18. Nonland production costs per acre for the crops produced 
with trend fertilization 
roducing Other feed Cotton 
area Wheat Corn grains Soybeans lint 
(1969 dollars) 
1 50.12 72.81 61.55 66.83 — — " 
2 49.10 74.36 42.11 69.24 — 
3 50.84 74.43 49.87 52.68 — — — 
4 54.64 69.05 47.66 48.68 — — — 
5 46.91 73.90 41.69 45.19 — — — 
6 49.81 70.17 44.10 44.30 170.85 
7 51.90 91.56 48.32 43.21 173.61 
8 56.34 79.63 51.36 42.92 148.93 
9 51.28 83.27 56.84 45.14 148.93 
10 50.56 89.64 47.22 43.00 175.15 
11 49.47 73.34 46.96 48.89 177.11 
12 50.37 69.99 46.25 47.14 177.11 
13 — — — 70.39 — — — 45.81 182.43 
14 53.25 70.78 52.47 43.23 171.05 
15 53.54 68.34 49.41 45.02 174.34 
16 50.81 82.80 54.03 43.29 — — — 
17 — - — 82.64 52.02 46.84 — - — 
18 " — — 79.60 56,88 59.65 171.05 
19 — — — 52.74 46.04 48.57 172.59 
20 44.87 62.91 36.84 46.83 171.94 
21 — - — 56.92 37.14 46.48 — — — 
22 41.27 64.63 38.71 50.58 — — — 
23 45.62 66.44 39.20 51.36 152.64 
24 50.78 64.42 43.39 47.24 151.34 
25 45.91 57.82 43.16 46.73 134.03 
26 42.87 56.57 43.66 43.77 129.74 
27 47.30 64.10 40.68 42.12 158.99 
28 45.02 70.23 39.66 50.05 133.63 
29 43.97 61.00 39.57 38.36 145.69 
30 «— — — 59.79 — — — 42.33 145.34 
31 41.32 55.21 39.67 44.10 136.31 
32 41.49 64.96 43.04 40.49 152.24 
33 49.70 72.85 43.33 47.56 — — — 
34 48.61 67.85 39.37 44.12 131.12 
35 60.56 91.59 47.97 60.07 — — — 
36 42.83 64.35 36.12 50.25 — — — 
37 40.81 58.10 32.84 48.47 — " — 
38 41.70 56.76 36.59 45.06 — — — 
39 41.24 51.00 32.99 39.73 — — -
40 42.22 66.82 34.23 46.00 — — — 
41 43.79 63.49 41.90 38.95 — — — 
42 38.59 58.83 31.13 35.83 — — — 
43 39.13 59.40 29.47 36.98 — — — 
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Continued 
Other feed Cotton 
Wheat Corn grains Soybeans lint 
(1969 dollars) 
40.03 61.86 30.82 39.47 —  —  —  
38.67 61.12 35.43 40.82 —  —  —  
41.05 63.37 38.89 46.16 
—  —  - 64.54 37.11 49.71 —  —  —  
47.38 62.67 30.64 46.01 —  —  —  
—  —  —  63.70 31.92 44.87 — — — 
33.17 57.74 26.14 38.59 — — — 
38.45 57.17 25.41 35.88 —  —  —  
36.72 59.21 27.89 45.04 — — — 
36.89 59.97 28.43 45.18 —  —  —  
36.58 61.62 29.70 36.00 — — — 
34.12 57.48 26.38 35.55 — — — 
40.36 52.21 37.11 37.53 155.59 
42.30 62.71 37.90 43.88 153.34 
46.51 62.55 42.27 35.56 161.50 
58.23 59.99 40.88 35.43 134.55 
57.70 54.60 36.39 36.32 133.98 
40.76 58.03 32.17 42.31 — — — 
44.59 55.30 34.77 55.92 133.03 
38.07 71.13 37.21 45.28 152.24 
—  —  —  68.95 41.82 47.68 - - -
35.39 61.71 35.85 34.34 —  —  —  
29.57 60.78 28.49 35.07 —  -  —  
29.53 59.29 27.61 34.84 —  —  —  
31.20 57.01 27.42 35.53 —  —  —  
30.59 55.09 26.91 34.66 —  —  —  
30.14 61.53 28.05 36.62 —  — —  
29.30 59.08 27.66 34.64 —  —  —  
29.37 59.90 27.43 34.78 —  -  -
33.30 52.90 29.13 33.62 — -  —  
34.47 64.39 26.75 35.36 —  —  —  
37.07 66.62 29.78 37.43 ---
—  —  —  58.56 32.84 42.86 —  -  -
39.89 57.41 30.37 32.73 —  —  —  
34.85 55.54 31.95 38.56 —  —  —  
43.06 54.81 30.24 38.02 -  -  -
27.52 41.83 27.73 36.63 —  —  —  
25.44 34.57 24.86 36.32 —  —  —  
24.49 35.74 21.83 — — —  —  —  
27.99 —  —  —  26.22 —  —  —  —  —  —  
24.26 37.45 21.80 26.56 - - -
26.01 43.15 28.56 38.86 —  — —  
27.53 40.28 22.47 29.36 
28.32 41.74 23.67 27.64 —  —  —  
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Table 18. Continued 
'roducing Other feed Cotton 
area Wheat Corn grains Soybeans lint 
(1969 dollars) 
88 31.42 39.40 26.19 31.81 M M  AT  
89 27.31 44.36 25.38 33.72 M  M M  
90 31.84 60.53 37.84 41.36 M M M  
91 21.60 61.13 28.43 • • M M  M  M M  
92 19.95 71.62 30.45 — — — M M M  
93 24.49 67.02 42.28 40.78 M M M  
94 25.54 67.18 44.66 40.01 M M M  
95 31.10 60.41 48.23 40.24 M M M  
96 40.98 66.18 48.34 40.63 M M M  
97 39.43 61.71 41.43 38.54 M M M  
98 38.86 62.89 38.33 39.84 M M M  
99 38.70 62.81 41.67 39.70 M M M  
100 31.13 62.69 40.73 36.08 M M M  
loi 30.26 63.86 36.18 38.65 M M M  
102 29.27 58.57 34.88 37.84 M M M  
103 22.59 69.73 34.67 31.53 M M M  
104 21.46 —  —  - 35.16 31.15 M M M  
105 35.55 73.60 32.41 35.10 69.59 
106 29.00 48.41 27.81 37.03 71.54 
107 23.07 —  —  - 33.06 —  —  —  71.29 
108 33.87 51.89 30.59 35.55 70.35 
109 36.50 56.36 32.53 34.56 70.35 
110 30.48 52.91 31.78 35.89 60.50 
111 26.65 46.25 26.32 41.06 70.67 
112 32.49 86.17 74.32 61.13 102.66 
113 25.16 47.57 26.84 —  —  —  69.16 
114 33.84 80.93 45.17 62.84 101.27 
115 27.95 46.67 30.28 38.16 69.34 
116 27.65 43.03 30.38 —  —  —  70.12 
117 31.66 53.40 33.74 33.69 61.21 
118 29.57 46.81 33.14 36.15 59.35 
119 —  —  —  62.43 42.09 44.79 67.18 
120 — — 67.31 41.29 43.21 161.50 
121 —  —  —  62.12 42.48 —  —  —  89.46 
122 28.24 48.42 32.47 —  —  —  60.13 
123 —  —  —  53.63 36.46 61.10 
124 23.42 44.87 34.15 ^ 82.42 
125 —  —  —  67.84 44.36 — —  —  147.55 
126 23.33 52.88 39.22 —  —  —  144.60 
127 — — — —  —  —  59.72 57.05 284.90 
128 28.93 49.82 32.68 —  —  —  99.01 
129 —  —  —  —  —  —  62.31 M  M M  102.41 
130 38.58 89.66 76.15 — — — 205.34 
131 25.54 74.96 38.60 — — — M M M  
Table 18. Continued 
Producing Other feed Cotton 
area Wheat Com grains Soybeans lint 
(1969 dollars) 
132 31.94 84.34 45.67 - — — — — — 
133 25.07 66.58 32.17 - — — — — — 
134 30.06 81.34 39.37 -  —  —  —  —  —  
135 42.92 62.99 35.06 - — — — — — 
136 29.40 62.01 26.22 
137 24.18 44.35 18.49 — — — — 
138 37.54 —  —  —  21.45 •  —  —  —  —  —  
139 31.12 —  —  —  28.12 • — — — — — 
140 43.08 89.03 35.00 —  —  — —  
141 44.02 90.80 46.88 —  —  —  
142 81.46 124.04 88.09 337.38 
143 72.57 114.30 80.39 367.19 
144 47.84 94.12 51.54 272.48 
145 54.92 113.29 54.80 • — —  — — —  
146 —  — - —  -  —  34.84 — — —  
147 42.51 105.07 35.11 —  — — —  
148 41.11 — — — 49.31 ' — —  — — —  
149 42.58 121.56 33.07 
150 40.55 119.65 34.46 — —  — — —  
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Table 19. Nonland production costs per acre for the crops produced 
with limited fertilization 
Producing Other feed Cotton 
area Wheat Corn grains lint 
(1969 dollars) 
1 50.12 72.81 61.55 — — — 
2 49.10 74.36 42.11 *• — — 
3 50.20 68.47 49.87 — — — 
4 50.92 62.74 47.66 — — — 
5 46.91 69.64 40.63 — — — 
6 46.04 65.81 41.50 167.75 
7 45.87 64.39 43.68 169.92 
8 52.24 60.53 49.37 146.67 
9 48.88 64.01 47.38 147.33 
10 45.86 61.35 43.66 169.92 
11 43.97 61.00 42.90 170.32 
12 44.33 55.98 42.59 170.32 
13 — — — 54.69 — — 168.64 
14 46.32 53.66 45.52 162.89 
15 45.79 54.01 44.28 168.83 
16 48.47 58.86 46.68 
17 — — — 63.38 46.69 — — — 
18 — — — 71.04 53.24 162.89 
19 — — — 51.15 45.33 172.56 
20 44.87 53.85 36.84 164.19 
21 — — — 47.86 37.14 — — 
22 41.27 55.57 38.71 — — — 
23 45.62 57.38 39.20 146.32 
24 44.64 54.83 41.15 147.48 
25 45.91 48.76 40.87 126.13 
26 39.45 47.59 41.13 126.35 
27 43.72 57.00 38.81 153.76 
28 41.65 59.02 39.47 129.00 
29 42.27 53.13 39.17 140.71 
30 — — — 51.26 — — — 139.62 
31 37.94 48.65 38.05 134.25 
32 38.48 51.80 40.47 152.24 
33 48.46 60.56 43.02 — — — 
34 47.37 55.56 39.26 131.12 
35 57.42 70.34 47.84 — — — 
36 42.83 58.47 36.12 — - — 
37 40.81 57.01 32.84 — — — 
38 41.70 55.65 36.59 — — 
39 40.17 49.63 32.99 — — — 
40 41.23 61.10 34.17 — " — 
41 43.79 51.87 38.82 — — — 
42 37.50 49.87 30.94 — — — 
43 38.00 49.77 29.47 — — — 
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Table 19. Continued 
Producing Other feed Cotton 
area Wheat Corn grains lint 
(1969 dollars) 
44 38.99 53.62 30.82 — — — 
45 38.67 52.40 35.43 —  — —  
46 40.98 53.68 38.89 — — — 
47 — — — 62.45 37.11 — — — 
48 47.38 59.14 30.64 — —  
49 — — — 59.50 31.92 — — — 
50 32.95 50.88 26.14 — — — 
51 34.44 48.14 25.41 — — —' 
52 35.43 49.70 27.81 — — — 
53 35.82 50.38 28.31 — — — 
54 35.29 51.36 28.83 — — — 
55 33.68 49.99 26.26 — — — 
56 37.26 43.81 34.38 147.09 
57 39.86 55.61 36.09 152.28 
58 44.09 58.57 42.02 152.90 
59 52.82 57.25 40.88 131.48 
60 51.73 48.04 36.07 130.48 
61 38.68 51,43 32.14 — — — 
62 42.51 48.70 34.76 133.03 
63 35.48 59.09 35.72 152.24 
64 — — — 56.76 37.66 — —— 
65 33.08 49.67 33.27 — — — 
66 29.24 46.30 27.87 — — " 
67 29.32 45.98 27.47 — —— 
68 30,86 46.72 27.42 — — — 
69 30.25 44.80 26.91 — — — 
70 29.97 50.77 28.05 — — —• 
71 28.96 46.05 27.64 — — — 
72 29.04 45.42 27.30 — — — 
73 33.30 44.35 29.13 — — — 
74 34.47 50.50 26.75 — —— 
75 37.07 51.86 29.78 — — — 
76 — — — 55.15 32.84 — — — 
77 39.89 47.80 30.37 — — — 
78 34.85 51.80 31.95 — — — 
79 33.41 52.47 30.24 — — — 
80 27.52 41.83 27.73 ---
81 25.44 34.57 24.86 —  — —  
82 24.49 35.74 21.83 —— — 
83 27.99 — — — 26.22 — — — 
84 24.26 37.45 21.80 — — — 
85 26.01 42.42 28.56 — — — 
86 27.53 39.54 22.47 — — — 
87 28.32 39.76 23.67 — — — 
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94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
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Continued 
Other feed 
Wheat Corn grains 
(1969 dollars) 
29.35 38.88 26.03 
27.19 39.16 24.96 
31.84 49.27 32.88 
21.60 51.51 28.41 
19.95 59.62 29.67 
24.49 52.24 36.01 
25.54 52.40 37.07 
31.10 49.34 . 38.19 
36.26 49.94 39.66 
35.64 52.53 38.13 
35.94 53.20 35.31 
35.78 53.12 37.82 
28.11 50.00 36.11 
29.28 53.79 33.47 
28.29 48.50 32.24 
21.98 46.30 31.14 
20.85 — — — 31.17 
33.09 50.17 31.07 
27.95 44.76 27.65 
23.07 — — — 31.35 
30.67 45.62 29.96 
33.30 50.09 32.26 
30.48 51.57 31.62 
25.03 40.73 25.75 
28.70 64.18 48.46 
25.16 38.94 26.23 
30.29 56.07 31.80 
27.95 40.57 29.58 
26.85 37.16 28.21 
30.20 44.74 30,60 
29.57 40.71 32.20 
^ — 51.18 35.10 
— — — 63.33 41.12 
— 50.87 35.62 
27.45 42.55 30.37 
— — — 44.97 32.76 
22.63 39.00 30.88 
— — 58.55 40.20 
22.53 47.01 35.98 
— — — — — — 55.27 
28.14 43.95 29.56 
— — — — — — 46.10 
35.25 75.82 62.86 
25.32 60.79 38.29 
able 
codu 
are 
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Continued 
Other feed Cotton 
Wheat Corn grains lint 
(1969 dollars) 
31.72 70.18 45.38 —  —  —  
24.85 52.42 31.99 —  —  —  
29.43 70.81 39.37 —  —  —  
34.01 59.95 34.66 —  —  "  
29.40 62.01 26.22 —  —  —  
24.18 44.35 18.49 —  —  —  
37.54 -  — - 21.45 —  — —  
31.12 —  —  —  28.12 —  —  —  
39.76 78.25 35.00 —  —  
41.18 80.02 46.88 —  —  —  
70.15 110.19 78.15 321.58 
65.91 100.45 72.35 331.74 
41.74 82.06 48.18 251.54 
48.82 101.23 50.71 —  —  —  
—  —  —  —  —  —  34.84 
42.51 89.27 35.11 —  — —  
41.11 —  —  - 49.31 —  —  —  
42.58 103.07 33.07 —  — —  
40.55 97.40 34.46 " — — 
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single crop. The lone exception is the wheat farmer in the western 
United States where much of the land is in wheat production. 
All com, other feed grain, cotton, and soybean activities in 
the producing areas are restrained so that no more than 67 percent 
of the available cropland can be planted to one of these crops. Wheat 
production activities in the eastern United States are also restrained 
in this manner. In the western United States, wheat production can 
use all of the available cropland in a producing area. 
Since no lower bounds are specified for the crop activities, a 
producing area can fail to produce one or more crops that had been 
produced in the past. This study allows complete resource mobility 
among crop commodities and regions. Thus, some areas could grow crops 
that have not been historically produced to any extent in these areas. 
If lower bounds would have been placed on crop activities, the 
resource mobility would have been reduced and crop acreages would 
have corresponded more closely with historic acreages. These lower 
bounds were not utilized, since they increase computational costs and 
limit the flexibility of the linear programming model. 
Transportation Activities 
The programming model contains transportation activities which 
allow the production of a commodity in one consuming region to satisfy 
the demand for that commodity in another consuming region. Since 
these activities are defined at the consuming region level, trans­
portation costs from a producing area to a specified city in its 
corresponding consuming region are not defined. In addition. 
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transportation costs among producing areas in a consuming region are 
not defined. Transportation costs result only when a commodity is 
transported between two consuming regions. 
A total of 1,805 transportation activities is specified in the 
programming model. Wheat grain transportation activities are defined 
for 459 routes. Com grain and other feed grain transportation 
activities also each have 459 routes. A total of 428 oilmeal trans­
portation activities is defined. Transportation activities for 
products made from the seven crops in the model are not defined. 
The national equation for cotton lint makes transportation activities 
for lint unnecessary. 
Transportation activities for each commodity are not defined 
between a consuming region and the remaining 30 consuming regions. 
Transportation routes are based on historic grain movements and 
regional production potentials. If producing areas within a consuming 
region do not produce a certain crop, there is no need to transport 
this crop production to another consuming region. In other cases, 
transportation is very unlikely to occur. For example, the trans­
portation of corn from Iowa (consuming region 13) to Louisiana (in 
consuming region 17) is quite likely for corn exports, but the reverse 
is not reasonable. Therefore, no corn transportation activity exists 
to move corn from consuming region 17 to consuming region 13. 
Within each consuming region, one city is designated as the 
export/import center of that region. These points are defined to be 
approximately centered with respect to consumption patterns in that 
region (57). Access to railroad facilities is required of these cities. 
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In most cases, these cities are near the geographical center of the 
region. The designated cities are presented in Table 20. 
Rail rates are assumed to adequately reflect the transportation 
costs between any two consuming regions. These costs were originally 
developed by Whittlesey (57) and Skold (14) from the 1962 ICC tariff 
schedule. Updating the rail costs to 1969 dollars was done by Mayer 
and Hargrove (12). 
Costs for the transportation activities are expressed in dollars 
per 200 pounds of feed units. Mayer and Hargrove had defined a 
transportation activity for feed grains which included both corn and 
other feed grains. In this study corn is separated from other feed 
grains, but the same routes and costs are used for each. 
Wheat-to-Feed Grains Transfer Activities 
Each of the 31 consuming regions has an activity which allows 
wheat to be substituted for feed grains in livestock feeding. A 
demand for wheat as a livestock feed is not specified exogenously 
of the model. The linear programming model will replace feed grains 
with wheat if the relative prices indicate that such an action is 
profitable. 
Upper bounds on each of these transfer activities are set at 50 
percent of the feed grains needed for livestock production. Thus, 
wheat cannot account for over 50 percent of the concentrates fed to 
livestock on a feed unit basis. Consuming regions with both corn 
and grain sorghum productions substitute wheat on the feed unit basis 
of the percentage of each crop grown from 1970-72. A consuming region 
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Transportation centers of the 31 consuming regions 
City State 
Boston Massachusetts 
Binghampton New York 
Richmond Virginia 
Augusta Georgia 
Montgomery Alabama 
Tallahassee Florida 
Nashville Tennessee 
Indianapolis Indiana 
Columbus Ohio 
Lansing Michigan 
Minneapolis Minnesota 
Madison Wisconsin 
Des Moines Iowa 
Jefferson City Missouri 
Peoria Illinois 
Little Rock Arkans as 
Jackson Mississippi 
Austin Texas 
Oklahoma City Oklahoma 
Abilene Kansas 
Kearney Nebraska 
Bismarck North Dakota 
Pierre South Dakota 
Helena Montana 
Casper Wyoming 
Denver Colorado 
Phoenix Arizona 
Salt Lake City Utah 
Yakima Washington 
Bend Oregon 
Fresno California 
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with 80 percent corn and 20 percent grain sorghum would allow a feed 
unit of wheat to substitute for 0.8 feed units of corn and 0.2 feed 
units of grain sorghum. 
It is unlikely that livestock producers would be willing to use 
more wheat than the programming model at full wheat substitution. 
Many of these producers are reluctant to use wheat because they are 
unfamiliar with this practice and lack experience in wheat feeding. 
In addition, a ration composed entirely of wheat causes digestive 
disorders and may cause livestock to go off feed (4). 
Since no lower bounds were specified, it is possible to have no 
wheat used as a livestock feed. Wheat feeding is normally heaviest 
during the summer and early fall, when new-crop wheat is most abundant 
and corn and grain sorghum stocks are generally small. At this time, 
prices are usually seasonally low for wheat and high for corn and 
sorghum. The programming model does not have a time aspect less than 
one year, so the seasonal price changes cannot be reflected unless 
lower bounds are used. Minimum demands for wheat feeding could have 
been set, but the fertilizer assumptions have greatly altered crop 
yields so that historical uses could be changed drastically. 
The costs of each of the wheat-to-feed grains transfer activities 
are the same for all 31 consuming regions. This cost, equivalent to 
five cents per bushel of wheat, reflects the lower preference of 
livestock producers for wheat as feed. 
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CHAPTER V. INTERPRETATION OF RESULTS 
Before reviewing the results of the study, a few points are 
presented to aid in interpreting these results. This study is a 
normative economic study which shows the agricultural sector under 
certain conditions which could prevail in 1980. Actual results are 
contained in positive economic studies when such results are known. 
In this study certain assumptions may not correspond to the condi­
tions present in 1980. These conditions have been correct in the 
recent past, but the many forces operating in the American economy 
could alter such assumptions by 1980. 
The solution prices for the crops in the study are supply prices. 
These prices are needed by farmers to cover all nonland production 
costs in meeting specified demands. As less productive land is 
brought into production, the value of better land increases. (Land 
costs are not included in crop production costs, but land is assigned 
values by the linear programming model.) When crop demands are 
increased, higher land values coupled with increased production costs 
per unit of yield on poorer quality land cause the supply prices to 
increase. 
Subtracting the production costs from the supply prices gives 
the return above nonland costs. This return can be viewed as the 
return to land and management. The return above nonland costs is 
used in this study to represent net farm income from crops. A 
description of the methods used to estimate both gross and net farm 
income is contained in Appendix A. 
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A market price is the result of supply and demand. The crop-
year prices for 1973 are the actual prices received by farmers. 
Large export demands as a result of poor crop harvests in certain 
countries pushed against the available supply. As a consequence, 
1973 crop prices rose and grain farmers experienced good profits. 
A large supply increase in anticipation of larger exports would have 
depressed these profits. Actual market equilibrium conditions and 
supply prices generated by the linear programming model are rarely 
equal. Solution crop prices In this study should be considered as 
minimum prices that farmers need to cover all nonland production 
costs and a return on better quality land to meet alternative crop 
demands. 
All solution prices are expressed in 1973 dollars. Thus, crop 
and livestock prices are based on the production costs in 1973. An 
adequate procedure in updating these prices is to multiply the prices 
by the change in the index of production expenses paid by farmers 
from 1973 to the year in question. 
Solution crop prices do not serve to reflect absolute prices, 
but suggest changes in relative prices as fertilizer usage and crop 
exports are modified. Livestock prices should also be viewed as 
relative prices, since changes in livestock prices are the result 
of price changes for corn and soybeans. This study is not projecting 
crop prices or livestock prices in 1980. 
Only major commodities of this study are included in consumer 
food costs. Therefore, the percentage of disposable income used for 
farm-food purchases is a little lower than the figure based on all 
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food purchases. Another reason for the smaller percentage is the use 
of 1973 farm-to-retail price spreads while the disposable income is 
increased in 1980. In addition, no attempt is made to estimate food 
expenditure away from home. If allowances were made for food expendi­
tures away from home, food costs in this study could increase by 2 to 
4 percent of disposable income. 
Expenditures for fruits and vegetables, bakery products, grain 
mill products, and miscellaneous are held constant throughout the 
analysis. Increases in grain prices clearly add to the costs of the 
last three categories. Since the farm values of these three food 
categories are low and per capita consumptions are constant, the same 
expenditures are used for each solution without much loss in accuracy. 
Appendix B contains the procedure for estimating consumer food costs. 
As presented in Chapter III, some per capita demands for live­
stock products are based on the prices of different meats. Assuming 
1973 farm-to-retail price spreads, an increase in livestock prices 
must also increase retail prices for livestock products. At higher 
retail prices for livestock products, consumers will alter their 
buying habits. Different classes of livestock have varying periods 
of adjustment to changes in consumer demands. Crop export levels 
are adjusted so that livestock consumptions do not vary drastically 
among solutions. 
Since the computer model minimizes the production costs and 
transportation costs in meeting specified crop demands, the production 
locations are not necessarily those that farmers will individually 
determine in 1980. The absence of both federal farm programs and 
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acreage restraints based on historical patterns leads to a free market 
with only agronomic production restraints. Crop prices must be 
adjusted upward to account for the independent actions of farmers 
and the lack of acreage constraints based on historical patterns. 
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CHAPTER VI. RESULTS FOR THE SIX MODEL 
ALTERNATIVES WITH TREND FERTILIZATION 
This chapter examines the production of feed grains, wheat, soy­
beans, and cotton when farmers continue to apply fertilizer following 
the trend from 1964 through 1973. These solutions are not based on 
the proposition that farmers will follow trend fertilization in 1980. 
Instead, the solutions are presented to estimate the effects of using 
high application rates of fertilizer for alternative crop export 
levels. 
Six different export levels are presented. All solutions in 
this study have exports of cotton and other feed grains at 1973 levels. 
Other feed grains is a combination of barley, oats, and grain sorghum. 
Only the exports of wheat, corn, and oilmeals are allowed to vary 
among solutions. Actual quantities of exports are presented in Table 8, 
which is contained in Chapter II. 
The first solution presented, Solution WlClSl, has wheat, corn, 
and oilmeal exports at 1973 levels. This model solution is compared 
with other solutions throughout the study. For this reason. Solution 
WiClSl is called the base solution. Wheat exports at twice the 1973 
level and other crop exports at 1973 levels are assumed for Solution 
W2C1S1. Solution W1C2S1, the third solution discussed, has corn 
exports at double the 1973 level and other crop exports at 1973 
levels. Oilmeal exports at twice the 1973 level and other crop 
exports at 1973 levels are specified for Solution WlClS2. Trend 
exports of wheat, corn, and oilmeals are assumed for Solution TRENDl.O. 
As an estimation of one production potential of the United States, 
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Solution TRENDl.2 is presented. In this solution exports of wheat, 
corn, and oilmeals are set at 1.2 times their trend export levels. 
Each solution has a discussion of variables which are considered 
important to the analysis. First, acreages and productions of the 
crops in this study are presented by farm production region. Next, 
national crop and livestock prices from methods and models previously 
explained are discussed and compared to the actual prices received 
by farmers in 1973. Then, national usages and application rates of 
nitrogen, phosphorus, and potassium are presented with comparisons 
for 1973. An explanation of the consumer food costs is presented 
next. Finally, the net farm income from crops grown in the 150 produc­
ing areas is discussed. 
Additional information on fertilizer usage is presented in 
Appendix C for the trend and limited fertilization solutions. 
Nitrogen, phosphorus, and potassium usages in the 150 producing areas 
are reported by the 10 farm production regions. Average nitrogen 
application rates on all acres of wheat and corn are also reported 
by the 10 farm production regions. 
Exports at 1973 Levels (Solution WlClSl) 
A total of 179.2 million harvested acres of feed grains, wheat, 
soybeans, and cotton is needed in this solution. Land available for 
crop production that is not used totals 59.6 million acres. Acreages 
and productions for this solution are shown in Table 21. Figures 
contained in Table 21 include White Area acreages and productions. 
Table 21. Distribution of acreage and production for Solution WlClSl 
among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 2,075 87,277 794 65,749 
Appalachian 1,235 55,075 4,101 391,401 
Southeast 6 192 3,654 276,278 
Delta States 1,654 61,669 1,355 93,998 
Corn Belt 6,027 246,759 24,376 2,545,784 
Lake States 6,133 230,534 4,721 449,275 
Northern Plains 16,615 605,736 7,680 985,194 
Southern Plains 1,713 63,882 2,455 265,038 
Mountain 6,985 244,464 1,013 87,767 
Pacific 4,889 213,643 1,153 120,891 
United States 47,332 1,809,231 51,302 5,281,375 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
'TJhite Area acreage of 189 acres. 
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Other feed 
grains^  Soybeans Cotton 
Land , 
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,484 55,317 10 207 0 680 
1,565 62,126 2,472 69,234 247 697 
219 7,201 1,433 42,019 436 3,530 
40 1,320 2,132 53,718 4,333 3,221 
821 27,038 31,525 996,743 1 6,433 
3,884 120,338 1,077 29,545 0 7,215 
11,059 817,151 682 18,943 0 20,944 
3,821 297,395 1,830 54,009 7,846 10,744 
1,694 105,805 c 3 294 5,931 
1,624 78,722 0 0 17 203 
26,211 1,572,413 41,161 1,264,421 13,174 59,598 
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The Northern Plains region accounts for 33.5 percent of the 1.8 
billion bushels of wheat produced. Productions exceeding 210 million 
bushels are found in the Corn Belt, Lake States, Northern Plains, 
Mountain, and Pacific regions. The national wheat yield is 38,2 
bushels per acre. Only 42.0 million bushels of wheat are fed to 
livestock. Wheat feeding is low because of the high fertilization 
rates on feed grains which result in a more favorable price for feed 
grains. 
Corn Belt corn production is 48.2 percent of national production 
and averages a yield of 104.4 bushels per acre. The second largest 
production, 985,2 million bushels, is harvested in the Northern Plains. 
A large amount of irrigated production in Kansas results in a yield 
of 128.3 bushels per acre for the Northern Plains. Com yields 
average 102.9 bushels per acre for the nation. 
Other feed grain production of 1.6 billion corn-equivalent bushels 
is harvested from 26.2 million acres. The Northern Plains region 
produces 52.0 percent of the national production. Rotational weights 
with a large amount of grain sorghum production cause the Northern 
Plains and Southern Plains to account for 70.9 percent of the national 
production, but only 56.8 percent of the national acreage. Other 
feed grains yield 60.0 corn-equivalent bushels per acre for the 
nation. 
Soybean production, 1.3 billion bushels nationally, is concen­
trated in the Corn Belt with 78.8 percent of the national total. 
Soybean production activities are not defined for the Mountain and 
Pacific regions in the linear programming model, but 189 acres are 
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grown in the White Area of the Mountain region. The national yield 
of soybeans is 30.7 bushels per acre. 
National cotton lint production, 7.0 billion pounds, is harvested 
from 13.2 million acres. Acreage is concentrated in the Southern 
Plains and Delta States with 59.6 percent and 32.9 percent of the 
national acreage, respectively. Cotton yields 533.0 pounds of lint 
per acre for the nation. 
Land available for production, but not needed to meet domestic 
and export demands, ranges from 0.2 million acres in the Pacific 
region to 20.9 million acres in the Northern Plains. Over 5 million 
acres of unused land exist in the Corn Belt, Lake States, Northern 
Plains, Southern Plains, and Mountain regions. High fertilizer usage 
has replaced land normally needed to meet total crop demands. 
Crop and livestock prices for Solution WlClSl, crop-year prices 
in 1973, and 1973 feeding-year prices for livestock are presented in 
Table 22. All solution prices for 1980 are below 1973 prices. Both 
wheat and corn prices are less than half the 1973 levels. The national 
soybean price is only 28.0 percent of the 1973 price. Other feed grain 
prices are not fully comparable, because they represent different 
combinations of barley, oats, and grain sorghum. The national price 
of cotton lint, 31.6 cents per pound, is 70.9 percent of the price 
received by farmers in the 1973 crop year. Livestock and livestock 
product prices for 1980 reflect the low crop (supply) prices of corn 
and soybeans. 
The low crop prices result from the high fertilizer application 
rates and the large amount of land not being used for crop production. 
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Table 22. Farm prices under Solution WlClSl (with crop exports at 
1973 levels and trend fertilization) and 1973 prices 
1973 1980 
Commodity Unit price® price 
Crops 
Wheat $/bushel 3.96 1.56 
Corn $/bushel 2.55 1.00 
Other feed grains $/bushel^  1.90 1.06 
Soybeans $/bushel 7.69 2.15 
Cotton c/pound 44.6 31.6 
Livestock and 
livestock products 
Beef $/cwt. 42.80 36.75 
Pork $/cwt. 39.40 25.50 
Broilers <?/pound 24.0 14.9 
Lamb $/cwt. 35.10 28.46 
Turkey /pound 34.8 23.5 
Eggs c/dozen 54.1 37.4 
Milk $/cwt. 7.14 5.57 
S^ources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
P^rices are expressed in dollars per bushel of corn equivalent. 
Crop prices are supply prices which cover all nonland production costs 
expressed in 1973 dollars and a return on land which depends on the 
amount of land used for production. High fertilization rates using 
1973 fertilizer prices lead to low production costs as well as less 
land needed to meet specified crop demands. 
Primary nutrient usage for the endogenous crops grown in the 150 
producing areas is given in Table 23. Total fertilizer usages in the 
150 producing areas are 6.6 million tons of elemental nitrogen, 1.3 
million tons of elemental phosphorus, and 2.0 million tons of 
Table 23. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution WlClSl and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/acre Tons Pounds/ acre Tons Pounds/acre 
Crop used 1973® 1980 used 1973® 1980 used 1973a 1980 
(000) (000) (000) 
Wheat 1,032.6 30.2 45.2 334.8 7.5 14.7 377.3 5.1 16.5 
Corn 4,057.0 106.0 164.5 611.3 24.0 24.8 1,055.2 47.1 42.8 
Other feed 
grains^  1,044.0 NA^  92.1 180.1 NA'^  15.9 132.9 NA'^  11.7 
Soybeans 83.6 3.4 4.1 166.4 5.9 8.2 325.0 14.6 16.1 
Cotton 395.0 54.0 60.5 47.1 12.7 7.2 89.0 20.1 13.6 
All crops 6,612.2 1,339.7 1,979.4 
C^omputed from estimates in Table 10 of Source (32). 
I^ncludes barley, oats, and grain sorghum. 
N^ot available. 
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elemental potassium. Corn production accounts for 61.4 percent of 
the nitrogen usage, 45.6 percent of the phosphorus usage, and 53.3 
percent of the potassium usage. Nitrogen application rates for wheat 
and corn are much higher than the estimated rates for 1973. The average 
application rate of phosphorus on wheat is nearly double the 1973 
estimate. Compared to 1973, the phosphorus rate on soybeans is 39.0 
percent higher and 43.3 percent lower on cotton acres. The phosphorus 
application rate on corn acres averages nearly the 1973 estimated rate. 
Consumer food costs for Solution WlClSl are presented in Table 24. 
Expenditures for livestock and livestock products are 42.2 percent of 
the total per capita food expenditure. Red meats and poultry meats 
account for 59.1 percent and 11.0 percent of the livestock and live­
stock products expenditure, respectively. Low crop prices and corre­
sponding low livestock prices cause the per capita expenditure for 
farm-foods to equal 13.6 percent of disposable income. 
Low crop prices also result in small net farm incomes from the 
endogenous crops in the study. Table 25 presents the net farm incomes 
by endogenous crop and farm production region. Nationally, corn 
accounts for 30.5 percent, wheat for 23.0 percent, and soybeans for 
22.5 percent of the total net farm income from the endogenous crops 
grown in the 150 producing areas. The Corn Belt has 35.3 percent of 
the national net farm income in Table 25, followed by the Northern 
Plains with 23.3 percent. Total net farm income from the endogenous 
crops grown in the 150 producing areas is 2.3 billion dollars. 
Table 24. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution WlClSl 
Per capita Retail price 
Commodity Unit consumption per unit® Expenditure® 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 89.9 1.19 106.98 
Pork (lbs. retail wt.) 71.7 .81 58.08 
Chicken (lbs. r.t.c. wt.) 56.6 .45 25.47 
Lamb (lbs. retail wt.) 2.9 1.24 3.60 
Turkey (lbs. r.t.c. wt.) 10.0 .60 6.00 
Eggs (number, incl. products) 285.0 .05 14.25 
Dairy (lbs., whole milk equiv.) 545.0 .13 70.85 
Total 285.23 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 676.06 
I^n 1973 dollars. 
R^epresents 13.6 percent of disposable income. The national expenditure totals 152.6 billion 
dollars. 
Table 25. Net farm income by crop and farm production region for the 150 producing areas in 
Solution WlClSl 
Farm 
production 
region Wheat Corn 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)® 
Northeast 15,979 8,550 5,421 0 0 29,950 
Appalachian 10,287 72,522 10,012 32,400 6,267 131;488 
Southeast 0 30,432 614 12,631 9,833 53,510 
Delta States 11,061 7,517 0 7,440 120,016 146,034 
Com Belt 29,536 347,989 4,985 416,467 0 798,977 
Lake States 50,436 48,708 15,780 13,826 0 128,750 
Northern Plains 230,271 133,418 161,750 2,463 0 527,902 
Southern Plains 14,602 10,427 23,392 23,853 144,831 217,105 
Mountain 46,672 3,845 18,475 0 5,855 74,847 
Pacific 112,357 28,178 15,092 0 0 155,627 
United States 521,201 691,586 255,521 509,080 286,802 2,264,190 
Expressed in 1973 dollars. 
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Wheat Exports Doubled (Solution W2C1S1) 
This solution has wheat exports at twice the 1973 level, and 
exports of corn, other feed grains, oilmeals, and cotton at their 
1973 levels. The distribution of productions and acreages in the 150 
producing areas and the White Area is given in Table 26 on a farm 
production region basis. A total of 218.0 million acres is used to 
produce the endogenous crops in this study. 
National wheat production, 3.0 billion bushels, is 64.1 percent 
larger than in the base solution. Wheat acreage increases 78.4 percent 
over the base solution. A national yield of 35.2 bushels per acre is 
3.0 bushels per acre lower than Solution WlClSl. The Northern Plains 
leads production with 37.6 percent of the national wheat production 
and also accounts for 44.0 percent of the increased production over 
the base solution. Production increases of over 100 million bushels 
from the base solution exist in the Com Belt, Lake States, Northern 
Plains, and Southern Plains. Compared to the base solution, the 
Northeast has production constant while all other regions increase 
production. Total wheat fed to livestock is only 3.8 million bushels, 
which reflects the higher price of wheat compared to feed grains. 
National corn production is 33.4 million bushels higher than in 
the base solution as corn substitutes for wheat in livestock feeding. 
Regional production decreases from the base solution occur in the 
Southeast, Corn Belt, Lake States, Southern Plains, and Pacific. 
Corn production is concentrated in the Com Belt with 47.3 percent 
and Northem Plains with 18.8 percent of national production, respectively. 
Table 26. Distribution of acreage and production for Solution W2C1S1 
among the 10 farm production regions 
Farm 
production 
region 
Wheat Com 
Acres Production Acres Production 
(000) (OOO bu.) (000) (000 bu.) 
Northeast 2,075 87,277 1,474 118,741 
Appalachian 2,387 106,134 4,101 391,401 
Southeast 265 8,053 3,655 276,129 
Delta States 3,323 110,923 1,355 93,998 
Corn Belt 11,467 467,790 24,108 2,512,998 
Lake States 9,136 333,570 4,712 448,469 
Northern Plains 33,516 1,116,041 8,013 998,842 
Southern Plains 8,994 223,431 2,448 264,238 
Mountain 8,298 296,341 1,308 114,629 
Pacific 4,990 219,066 911 95,373 
United States 84,451 2,968,626 52,085 5,314,818 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
W^hite Area acreage of 189 acres. 
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Other feed 
grains® Soybeans Cotton 
Land 
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,329 48,721 164 4,752 0 0 
1,284 51,511 1,932 52,624 247 365 
292 9,947 1,850 53,135 436 2,780 
40 1,320 2,992 74,092 4,333 692 
1,160 42,654 30,762 975,541 1 1,684 
4,649 141,656 2,107 48,711 0 2,426 
10,701 790,021 9 171 0 4,741 
3,704 291,668 1,830 54,009 7,885 3,550 
1,659 105,775 c 3 294 4,358 
1,766 87,342 0 0 17 203 
26,584 1,570,615 41,646 1,263,038 13,213 20,799 
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The national corn yield is 102.0 bushels per acre, 0.9 bushels lower 
than in the base solution. 
Other feed grain production is 1.8 million com-equivalent bushels 
lower than in the base solution. The Northern Plains accounts for 
over half of the total production. Southern Plains and Lake States 
regions have 18.6 percent and 9.0 percent of the national production, 
respectively. Yields reflect the rotational weights of grain sorghum. 
The national yield is 59.1 corn-equivalent bushels per acre, but 
yields range from 30.5 bushels in the Lake States to 78.7 bushels in 
the Southern Plains. A national yield of 60.0 corn-equivalent bushels 
per acre is present in the base solution. Solution WlClSl. 
The livestock demands for other feed grains and soybeans are 
smaller for this solution when compared to the base solution. Soy­
bean production falls 1.4 million bushels from the base solution. 
Although the Com Belt decreases production by 21.2 million bushels 
from the base solution, it still accounts for 77.2 percent of the 
national soybean production. Other large production decreases occur 
in the Appalachian and Northern Plains regions. Soybean productions 
over base solution levels exist in the Northeast, Southeast, Delta 
States, and Lake States. The national yield, 30.3 bushels per acre, 
is only 0.4 bushels lower than in the base solution. 
Cotton yields an average of 531.4 pounds of lint per acre for 
the nation. Cotton acreages are equal to base solution acreages in 
all regions except the Southern Plains, where 39,000 more acres are 
harvested. The Delta States and Southern Plains have 92.5 percent 
of the national cotton acreage. 
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Land available for crop production that is not used totals 20.8 
million acres. Doubling wheat exports forces 38.8 million more acres 
into production over the base solution. Except for the Pacific region, 
all regions have more acres in crop production than in the base solution. 
Farm prices for this solution are presented in Table 27. Table 27 
also contains 1973 prices and prices for Solution WlClSl. All farm 
prices for Solution W2C1S1 are below 1973 prices, but are higher than 
base solution prices. Compared to the base solution, the wheat price 
increases by 11.5 percent, com price by 5.0 percent, other feed grain 
price by 10.4 percent, soybean price by 7.0 percent, and cotton price 
by 1.0 percent. Livestock prices increase with com and soybean prices, 
but the percentage increases are small. 
Fertilizer usage and application rates for Solution W2C1S1 and 
1973 are given in Table 28. Application rates of the primary nutrients 
for Solution W2C1S1 differ markedly from 1973 estimated rates, but are 
close to the rates for the base solution. Compared to the base solu­
tion, nitrogen usage increases by 11.2 percent, phosphorus usage is 
up by 21.0 percent, and potassium usage is 12.8 percent higher. 
Consumer buying habits do not change very much from the base 
solution (compare Tables 24 and 29). Compared to the base solution, 
beef consumption decreases by 0.5 pounds retail weight and pork 
consumption is cut by 0.2 pounds retail weight. Lamb and mutton 
consumption does not vary from the base solution, but chicken consump­
tion increases by 0.1 pounds ready-to-cook weight. All other con­
sumptions in Table 29 are held constant throughout the study. 
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Table 27. Farm prices under Solution W2C1S1 (with wheat exports at 
twice the 1973 level and trend fertilization) and 
comparisons for 1973 and the base solution (Solution 
WlClSl) 
1980 prices^  
1973^  Base 
Commodity Unit price solution W2C1S1 
Crops 
Wheat 
Corn 
Other feed grains 
Soybeans 
Cotton 
$/bushel 
$/bushe1 
$/bushel'^  
$/bushel 
0/pound 
3.96 
2.55 
1.90 
7.69 
44.6 
1.56 
1.00 
1.06 
2.15 
31.6 
1.74 
1.05 
1.17 
2.30 
31.9 
Livestock and 
livestock products 
Cattle $/cwt. 42,80 
Hogs $/cwt. 39.40 
Broilers 0/pound 24.0 
Lamb $/cwt. 35.10 
Turkeys <: / pound 34.8 
Eggs c/dozen 54.1 
Milk $/cwt. 7.14 
36.75 
25.50 
14.9 
28.46 
23.5 
37.4 
5.57 
37.20 
36.04 
15.3 
28.74 
24.0 
38.0 
5.65 
S^ources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
P^rices are expressed in dollars per bushel of corn equivalent. 
The average per capita food expenditure for endogenous commodities is 
only $1.49 higher than in the base solution. 
As shown in Table 30, total net farm income from the endogenous 
crops in the 150 producing areas is 3.5 billion dollars. This repre­
sents an increase of 1.3 billion dollars, or 55.8 percent over the 
base solution. The Corn Belt leads in net farm income from crops 
included in the study with 33.1 percent of the total. In second 
Table 28. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution W2C1S1 and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/acre Tons Pounds/acre Tons Pounds/ acre 
Crop used 1973a 1980 used 1973® 1980 used I973B 1980 
(000) (000) (000) 
Wheat 1,712.8 30.2 41.4 586.6 7.5 14.2 564.1 5.1 13.6 
Com 4,117.4 106.0 164.4 626.1 24.0 25.0 1,067.4 47.1 42.6 
Other feed 
grains 1,041.1 NA'^  90.3 179.0 NA^  ^ 15.5 134.7 NA'^  11.7 
Soybeans 87.0 3.4 4.3 181.8 5.9 8.9 374.8 14.6 18.4 
Cotton 394.9 54.0 60.3 47.9 12.7 7.3 90.9 20.1 13.9 
All crops 7,353.2 1,621.4 2,231.9 
C^omputed from estimates in Table 10 of Source (32). 
Includes barley, oats, and grain sorghum. 
^Not available. 
Table 29. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution W2C1S1 
Per capita Retail price 
Commodity Unit consumption per unit* Expenditure 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 89.4 1.20 107.28 
Pork (lbs. retail wt.) 71.5 .82 58.63 
Chicken (lbs. r.t.c. wt.) 56.7 .46 26.08 
Lamb (lbs. retail wt.) 2.9 1.25 3.63 
Turkey (lbs. r.t.c. wt.) 10.0 .60 6.00 
Eggs (number, incl. products) 285.0 .05 14.25 
Dairy (lbs., whole milk equiv.) 545.0 .13 70.85 
Total 286.72 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 677.55 
I^n 1973 dollars. 
^Represents 13.7 percent of disposable income. The national expenditure totals 152.9 billion 
dollars. 
Table 30. Net farm income by crop and farm production region for the 150 producing areas in 
Solution W2C1S1 
Farm 
production 
region Wheat Corn 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)^  
Northeast 30,746 11,055 6,903 2,530 0 51,234 
Appalachian 42,777 91,259 13,055 30,441 6,784 184,316 
Southeast 1,580 35,114 1,369 19,791 10,645 68,499 
Delta States 35,760 11,537 0 14,996 129,941 192,234 
Com Belt 153,662 451,968 5,514 555,458 0 1,166,602 
Lake States 103,728 67,194 29,554 18,273 0 218,749 
Northern Plains 464,926 180,842 238,584 15 0 884,367 
Southern Plains 75,609 25,799 41,454 31,667 156,805 331,334 
Mountain 148,230 10,516 23,478 0 6,340 188,564 
Pacific 191,730 25,512 23,412 0 0 240,656 
United States 1,248,748 910,796 383,323 673,171 310,515 3,526,553 
Expressed in 1973 dollars. 
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place, the Northern Plains has 25.1 percent of the total with vrtieat »  ^
accounting for over half of its net income from crops. 
Corn Exports Doubled (Solution WlC2Sl) 
A total of 193.1 million acres is used to meet domestic demands, 
corn exports at twice the 1973 level, and other endogenous crop exports 
at 1973 levels. Acreages and productions in the 150 producing areas 
and the White Area are reported by farm production region in Table 31. 
Land used in crop production increases by 13.9 million acres over the 
base solution. (As before, comparisons are made with the base solu­
tion, Solution WlClSl.) 
Although wheat production is only 4,000 bushels lower than in 
the base solution, an additional 515,000 acres are used for this crop. 
Significant production increases occur in the Lake States and Southern 
Plains, while large decreases exist in the Corn Belt and Northern Plains. 
National wheat yield is 37.8 bushels per acre, down 0.4 bushels from 
the base solution. Livestock consume 41.7 million bushels of wheat. 
Total com production, 6.5 billion bushels, is 1.2 billion bushels 
over the base solution. The increased production forces an extra 12.5 
million acres in corn production over the base solution. Except for 
the Delta States, Pacific, and Mountain regions, all farm production 
regions have larger com productions than exist in the base solution. 
The Corn Belt accounts for 74.1 percent of the increased production. 
Other feed grain production Is down 3.7 million corn-equivalent 
bushels from the base solution. Production Increases over the base 
solution occur in the Northern Plains and Southern Plains. The Southeast, 
Table 31. Distribution of acreage and production for Solution W1C2S1 
among the 10 farm production regions 
Farm 
production 
region 
Wheat Com 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 2,075 87,277 1,474 118,741 
Appalachian 1,235 55,075 4,385 418,075 
Southeast 6 192 4,602 341,939 
Delta States 1,654 61,669 1,355 93,998 
Com Belt 5,630 229,746 33,342 3,446,806 
Lake States 6,539 247,546 5,621 537,708 
Northern Plains 14,637 548,998 8,116 1,040,454 
Southern Plains 4,195 120,557 2,709 291,473 
Mountain 6,987 244,523 1,004 87,053 
Pacific 4,889 213,644 1,153 120,891 
United States 47,847 1,809,227 63,761 6,497,138 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
T^fhite Area acreage of 189 acres. 
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Other feed 
grains® Soybeans Cotton 
Land . 
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,329 48,721 164 4,752 0 0 
1,081 41,596 2,675 75,043 247 693 
219 7,201 1,907 54,889 436 2,108 
40 1,320 3,801 93,267 4,333 1,552 
13 647 27,628 869,698 1 2,568 
3,781 115,217 2,819 63,323 0 4,271 
11,284 834,638 1,998 47,452 0 20,947 
4,410 334,918 1,830 54,009 7,846 7,419 
1,693 105,761 c 3 294 5,940 
1,624 78,722 0 0 17 203 
25,474 1,568,741 42,822 1,262,436 13,174 45,701 
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Delta States, and Pacific have the same production levels as in the 
base solution. Accounting for the largest production decrease, the 
Corn Belt reduces production by 26.4 million corn-equivalent bushels. 
Other feed grain production is concentrated in the Northern Plains and 
Southern Plains with 53.2 percent and 21.3 percent of the total produc­
tion, respectively. The national yield is 61.6 corn-equivalent bushels 
per acre, 1.6 bushels higher than the base solution yield. 
As with other feed grains, soybean production decreases from the 
base solution as less feed is needed to produce livestock. The only 
regional production decrease occurs in the Corn Belt where production 
falls by 127.0 million bushels from the base solution. Soybean produc­
tion is concentrated in the Çorn Belt with 68.9 percent of the total. 
Production increases of over 28 million bushels from the base solution 
are present in the Delta States, Lake States, and Northern Plains. 
The national yield is 29.5 bushels per acre, 1.2 bushels less than 
in the base solution. 
Available land that is not used in crop production totals 45.7 
million acres, 13.9 million acres less than in the base solution. 
Compared to the base solution, the Northern Plains and Mountain regions 
have slight increases in unused land. The Northern Plains accounts 
for 45.8 percent of the total cropland base not being used for endogenous 
crop production. All available cropland in the Northeast is being used. 
All farm prices for Solution WlC2Sl are higher than base solution 
prices except for cotton lint (see Table 32). These supply prices 
are lower than feeding-year or crop-year prices for 1973. Compared to 
the base solution, wheat price is 2.6 percent higher, corn price is 
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Table 32. Farm prices under Solution W1C2S1 (with corn exports at 
twice the 1973 level and trend fertilization) and com­
parisons for 1973 and the base solution. Solution WlClSl 
Commodity Unit 
1973 
price* 
1980 prices 
Base 
solution W1C2S1 
Crops 
Wheat 
Corn . 
Other feed grains 
Soybeans 
Cotton 
Livestock and 
livestock products 
$/bushel 
$/bushel 
$/bushel*^  
$/bushel 
Ç/pound 
3.96 
2.55 
1.90 
7.69 
44.6 
1.56 
1.00 
1.06 
2.15 
31.6 
1.60 
1.08 
1.08 
2.32 
31.3 
Cattle $/cwt. 42. 80 36 .75 37.41 
Hogs $/cwt. 39. 40 25, .50 26.27 
Broilers Ç/pound 24. 0 14, .9 15.4 
Lamb $/cwt. 35. 10 28. ,46 28.86 
Turkeys C/pound 34. 8 23. ,5 24.2 
Eggs C/dozen 54. 1 37. ,4 38.2 
Milk . $/cwt. 7. 14 5. ,57 5.68 
Sources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
P^rices are expressed in dollars per bushel of corn equivalent. 
8.0 percent higher, and soybean price is 7.9 percent higher. The 
small increases in the prices of corn and soybeans are reflected in 
the livestock prices. Small increases in crop prices are the result 
of high fertilization rates which decrease the demand for land in 
meeting larger crop demands. In addition, the share of corn produc­
tion used for exports is much less than the export shares of wheat 
or soybean production. 
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Fertilizer usages and application rates are presented in Table 33. 
Endogenous crops in the 150 producing areas use 7.6 million tons of 
nitrogen, 1.5 million tons of phosphorus, and 2.3 million tons of 
potassium. Compared to the base solution, nitrogen use is 15.1 percent 
higher, phosphorus use is 15.4 percent higher, and potassium use is 
17.7 percent higher. Corn production accounts for 65.8 percent of 
the nitrogen usage, 51.4 percent of the phosphorus usage, and 59.6 
percent of the potassium usage in Table 33. Application rates are 
generally close to those in the base solution, but other feed grains 
has an average of 6.3 pounds of nitrogen per acre above the base solu­
tion level. 
Consumer food costs for Solution W1C2S1 are given in Table 34. 
Beef consumption declines by 0.8 pounds retail weight, and pork 
consumption is cut 0.3 pounds retail weight from base solution levels. 
Chicken consumption increases by 0.1 pounds ready-to-cook weight over 
the base solution. Expenditures for livestock products comprise 42.9 
percent of the total expenditure for specified farm-foods. The average 
total expenditure, $684.16, is only $8.10 higher than in the base 
solution. 
As shown in Table 35, net farm income from endogenous crop produc­
tion in the 150 producing areas is 3.0 billion dollars. This net farm 
income is 773.0 million dollars above the base solution. Corn produc­
tion accounts for the major share of net farm income from endogenous 
crops in the Appalachian, Southeast, Corn Belt, and Lake States regions. 
Nationally, com production provides 41.6 percent of the total net 
farm income from crops included in the study. 
Table 33. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution W1C2S1 and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/acre Tons Pounds/acre Tons Pounds/acre 
Crop used 1973® 1980 used 1973® 1980 used 1973® 1980 
(000) (000) (000) 
Wheat 1,038.3 30.2 45.0 342.9 7.5 14.8 384.8 5.1 16.7 
Corn 5,010.5 106.0 162.3 795.6 24.0 25.8 1,388.7 47.1 45.0 
Other feed 
grains^  1,079.2 NA^  98.4 176.9 NA^  16.1 126.0 NA^  ^ 11.5 
Soybeans 89.2 3.4 4.2 184.0 5.9 8.8 341.9 14.6 16.3 
Cotton 395.0 54.0 60.5 47.1 12.7 7.2 89.0 20.1 13.6 
All crops 7,612.2 1,546.5 2,330.4 
C^omputed from estimates in Table 10 of Source (32). 
Includes barley, oats, and grain sorghum. 
N^ot available. 
Table 34. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution W1C2S1 
Commodity Unit 
Per capita 
consumption 
Retail price 
per unit® Expenditure® 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 89.1 1.21 107.81 
Pork (lbs. retail wt.) 71.4 .83 59.26 
Chicken (lbs. r.t.c. wt.) 56.7 .46 26.08 
Lamb (lbs. retail wt.) 2.9 1.25 3.63 
Turkey (lbs. r.t.c. wt.) 10.0 .60 6.00 
Eggs (number, incl. products) 285.0 .05 14.25 
Dairy (lbs., whole milk equiv.) 545.0 .14 76.30 
Total 293.33 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 684.16^  
In 1973 dollars. 
Represents 13.8 percent of disposable income, 
dollars. 
The national expenditure totals 154.4 billion 
Table 35. Net farm income by crop and farm production region for the 150 producing areas in 
Solution WlC2Sl 
Farm 
production 
region Wheat Com 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)^ 
Northeast 15,979 14,609 5,382 2,596 0 38,566 
Appalachian 12,827 109,475 6,567 45,641 5,988 180,498 
Southeast 0 46,405 966 19,410 9,395 76,176 
Delta States 14,879 16,596 0 15,049 114,672 161,196 
Com Belt 33,849 731,729 0 494,774 0 1,260,352 
Lake States 50,442 70,152 17,578 17,144 0 155,316 
Northern Plains 250,618 217,035 205,250 16,165 0 689,068 
Southern Plains 21,977 11,720 23,684 31,211 138,364 226,956 
Mountain 46,852 5,241 21,612 0 5,595 79,300 
Pacific 113,408 39,276 17,073 0 0 169,757 
United States 560,831 1,262,238 298,112 641,990 274,014 3,037,185 
E^xpressed in 1973 dollars. 
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Oilmeal Exports Doubled (Solution W1C1S2) 
In this solution, oilmeal exports are set equal to twice the 1973 
level and other crop exports are set at 1973 levels. A total of 211.8 
million acres are needed to meet total endogenous crop demands. Table 
36 gives acreages and productions by farm production region. Total 
cropland increases by 32.6 million acres over the base solution. Solu­
tion WlClSl. Land not used for endogenous crop production totals 27.0 
million acres, which is 45.3 percent of the amount in the base solution. 
Wheat production declines 37.6 million bushels from the base solu­
tion. The largest decrease from the base solution, 109.4 million 
bushels, exists in the Corn Belt. Except for the Pacific region, all 
regions have changed production levels from the base solution. Despite 
a 2.7 percent decrease in wheat production from the base solution, 
the Northern Plains has 33.3 percent of the total production. The 
national yield, 36.9 bushels per acre, is 1.3 bushels lower than the 
base solution yield. Only 4.4 million bushels of wheat are fed to 
livestock. 
Decreased wheat feeding from the base solution results in 2.2 
million more bushels of corn being produced. The Corn Belt reduces 
production by 228.7 million bushels from the base solution, but still 
accounts for 43.9 percent of national corn production. Production 
increases of over 50 million bushels from the base solution are present 
in the Northeast, Appalachian, Southeast and Northern Plains. The 
national corn yield of 101.1 bushels per acre is 1.8 bushels less 
than in the base solution. 
Table 36. Distribution of acreage and production for Solution WlClS2 
among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 1,818 77,027 1,474 118,741 
Appalachian 1,521 67,214 4,689 441,897 
Southeast 149 4,562 4,577 340,538 
Delta States 1,312 44,570 606 40,436 
Corn Belt 3,337 137,360 22,467 2,317,068 
Lake States 6,902 262,280 4,862 445,628 
Northern Plains 15,399 589,418 8,600 1,073,210 
Southern Plains 6,276 155,405 2,421 261,600 
Mountain 6,385 220,131 1,308 114,709 
Pacific 4,889 213,643 1,244 129,797 
United States 47,988 1,771,610 52,248 5,283,624 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
W^hite Area acreage of 189 acres. 
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Other feed Land , 
grains Soybeans Cotton unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,087 38,392 664 17,747 0 0 
403 15,427 3,181 86,898 247 276 
219 7,201 3,969 102,614 3 361 
40 1,320 5,807 139,023 4,333 637 
610 25,082 42,767 1,311,926 1 0 
2,182 66,581 7,266 174,138 0 1,819 
10,829 802,887 7,238 180,306 0 14,915 
5,520 402,101 2,387 67,635 8,527 3,278 
2,294 123,663 __c 3 294 5,636 
1,624 78,722 0 0 44 85 
24,808 1,561,376 73,279 2,080,290 13,449 27,007 
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Other feed grain production is 11.0 million corn-equivalent 
bushels lower than in the base solution. The Northern Plains and 
Southern Plains account for 51.4 percent and 25.8 percent of the 
national production, respectively. A national yield of 62,9 corn-
equivalent bushels per acre is 2.9 bushels higher than the base solu­
tion yield. 
Soybean production, 2.1 billion bushels, is 815.9 million bushels 
larger than in the base solution. All regions with soybean production 
activities in the linear programming model have higher productions 
than in Solution WlClSl. (The Mountain and Pacific regions do not 
have soybean production activities in the programming model.) Com­
pared to the base solution, the Corn Belt, Northern Plains, and Lake 
States regions increase production by 315.2 million, 161.4 million, 
and 144.6 million bushels, respectively. The Corn Belt has 63.1 per­
cent of the national soybean production. National yield declines 2.3 
bushels from the base solution to a level of 28.4 bushels per acre. 
Cotton acreage has increased by 275,000 acres over the base solu­
tion In order to meet the demand of 7.0 billion pounds of cotton lint 
for all trend fertilization solutions. The Southern Plains and 
Pacific regions have more acres in cotton production, while the 
Southeast has fewer acres when compared to the base solution. Cotton 
lint yields average 522.1 pounds of lint per acre for the nation. 
All available land in the Northeast and Corn Belt has been used 
for crop production. Although all regions have less unused land than 
in the base solution, the Northern Plains and Mountain regions show 
the smallest percentage decreases. 
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Farm (supply) prices for Solution WlClS2 are presented in Table 37. 
Compared to the base solution, wheat price increases by 9.0 percent, 
corn price by 18.0 percent, other feed grain price by 8.5 percent, and 
soybean price by 42.8 percent. All programmed crop and livestock 
prices are below 1973 levels. Increases in livestock prices over the 
base solution are the result of higher farm prices for corn and soybeans, 
The supply prices might seem low compared to the present situation. 
However, these supply prices are expressed in 1973 dollars and thus 
Table 37. Farm prices under Solution WlClS2 (with oilmeal exports at 
twice the 1973 level and trend fertilization) and com­
parisons for 1973 and the base solution (Solution WlClSl) 
Commodity Unit 
1973 
price' 
1980 prices 
Base 
solution W1C1S2 
Crops 
Wheat $/bushel 3.96 
Corn $/bushel 2.55 
Other feed grains /^bushel*^  1.90 
Soybeans $/bushel 7.69 
Cotton ç/pound 44.6 
Livestock and 
livestock products 
1.56 
1.00 
1.06 
2.15 
31.6 
1.70 
1.18 
1.15 
3.07 
31.7 
Cattle $/cwt. 42.80 36 .75 38. 70 
Hogs $/cwt. 39.40 25 .50 27. 98 
Broilers 0/pound 24.0 14 .9 16. 6 
Lamb $/cwt. 35.10 28 .46 29. 76 
Turkeys 0/pound 34.8 23 .5 26. 0 
Eggs ç/dozen 54.1 37 .4 40. 3 
Milk $/cwt. 7.14 5 .57 5. 94 
Sources; (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
'Prices are expressed in dollars per bushel of corn equivalent. 
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reflect 1973 costs. In addition, the imputed values of land assigned 
by the linear programming model do not coincide with actual farmland 
values. 
Fertilizer usage in the 150 producing areas is given in Table 38. 
These usages represent increases over the base solution of: 3.6 percent 
for nitrogen, 12.5 percent for phosphorus, and 16.4 percent for potassium. 
Application rates do not differ much between this solution and the base 
solution, except other feed grains has 16.2 pounds of applied nitrogen 
per acre more than in the base solution. 
The average consumer expenditure for specified farm-foods is 
$688.26 (see Table 39). This expenditure is $12.20 higher than the 
base solution expenditure. Although beef consumption is 2.1 pounds 
retail weight lower than in the base solution, it represents 36.6 
percent of the expenditure on specified livestock products. Pork 
consumption is down 1.1 pounds retail weight from the base solution, 
while chicken consumption has increased by 0.3 pounds ready-to-cook 
weight from the base solution. The specified food expenditures 
account for only 13.9 percent of disposable income. 
Total net farm income from endogenous crops in the 150 producing 
areas, shown in Table 40, is 5.3 billion dollars. This income is 3.0 
billion dollars, or 134.2 percent higher than in the base solution. 
The Corn Belt and Northern Plains regions have increased net farm 
incomes from crops by 214.1 percent and 95.1 percent, respectively. 
Soybeans are the major source of the net farm income from endogenous 
crops in the Delta States, Corn Belt, and Lake States regions. 
Table 38. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution WlClS2 and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/ acre Tons Pounds/acre Tons Pounds/acre 
Crop used 1973® 1980 used 1973* 1980 used 1973® 1980 
(000) (000) (000) 
Wheat 997.1 30.2 43.0 330.8 7.5 14.3 337.8 5.1 14.6 
Corn 4,157.6 106.0 165.4 638.4 24.0 25.4 1,098.3 47.1 43.7 
Other feed 
grains^  1,151.5 NA'^  108.3 183.1 NA^  17.2 134.8 NA^  12.7 
Soybeans 158.0 3.4 4.4 310.7 5.9 8.6 650.9 14.6 18.0 
Cotton 387.2 54.0 58.0 43.9 12.7 6.6 82.1 20.1 12.3 
All crops 6,851.4 1,506.9 2,303.9 
C^omputed from estimates in Table 10 of Source (32). 
Includes barley, oats, and grain sorghum. 
N^ot available. 
Table 39. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution WlClS2 
Per capita Retail price 
Commodity Unit consumption per unit^ Expenditure® 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 87.8 1.24 108.87 
Pork (lbs. retail wt.) 70.6 .86 60.72 
Chicken (lbs. r.t.c. wt.) 56.9 .48 27.31 
Lamb (lbs. retail wt.) 2.9 1.27 3.68 
Turkey (lbs. r.t.c. wt.) 10.0 .63 6.30 
Eggs (number, incl. products) 285.0 .05 14.25 
Dairy (lbs., whole milk equiv.) 545.0 .14 76.30 
Total 297.43 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 688.26 
®In 1973 dollars. 
R^epresents 13.9 percent of disposable income. The national expenditure totals 155.3 billion 
dollars. 
Table 40. Net farm income by crop and farm production region for the 150 producing areas in 
Solution W1C1S2 
Farm 
production 
region Wheat Corn 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)® 
Northeast 27,553 26,194 5,152 14,565 0 73,464 
Appalachian 29,837 165,114 3,018 101,430 6,592 305,991 
Southeast 1,083 92,626 1,570 80,299 0 175,578 
Delta States 15,428 9,307 0 128,359 126,271 279,365 
Com Belt 54,498 737,422 , 1,419 1,716,186 0 2,509,525 
Lake States 74,835 89,341 19,314 96,290 0 279,780 
Northern Plains 310,986 283,159 271,525 164,075 0 1,029,745 
Southern Plains 45,741 26,020 56,071 83,393 161,039 372,264 
Mountain 49,472 6,910 30,789 0 6,160 93,331 
Pacific 120,630 41,403 20,213 0 1,670 183,916 
United States 730,063 1,477,496 409,071 2,384,597 301,732 5,302,959 
E^xpressed in 1973 dollars. 
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Soybeans also account for 45.0 percent of the total net farm income in 
Table 40. 
Trend Exports of Wheat, Corn, and Oilmeals 
(Solution TRENDl.O) 
This solution is based on exports of wheat, corn, and oilmeals 
at levels equal to twice their 1973 levels minus their 1966 export 
levels. As with all other solutions in the study, exports of other 
feed grains and cotton are equal to their 1973 levels. Comparisons 
are made with the base solution. Solution WlClSl. 
Acreages and productions of endogenous crops in the farm produc­
tion regions are presented in Table 41. Entries in this table include 
the White Area and the 150 producing areas. A total of 217.2 million 
acres is used in producing crops, an increase of 38.1 million acres 
over the base solution. Even with high export levels, 21.5 million 
acres of available cropland are not needed to produce the crops in 
this study. 
The national wheat production of 2.2 billion bushels is harvested 
from 60.4 million acres. Compared to the base solution, wheat produc­
tion remains constant in the Northeast, decreases in the Corn Belt, 
and increases in the remaining eight regions. Increases in produc­
tion over the base solution of 126.8 million, 120.4 million, and 74.1 
million bushels occur in the Southern Plains, Northern Plains, and 
Lake States, respectively. The Northern Plains leads in production, 
with 33.1 percent of the national wheat production. Wheat used to 
feed livestock totals 4.2 million bushels. 
Table 41. Distribution of acreage and production for Solution 
TRENDl.O among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 2,075 87,277 1,474 118,741 
Appalachian 1,521 67,214 4,688 441,897 
Southeast 149 4,562 4,592 341,427 
Delta States 2,113 69,779 1,391 96,044 
Corn Belt 5,621 235,362 28,510 2,979,217 
Lake States 8,181 304,619 5,294 500,322 
Northern Plains 19,792 726,150 8,172 1,018,119 
Southern Plains 7,790 190,640 2,588 278,860 
Mountain 8,205 291,861 1,420 125,672 
Pacific 4,925 215,552 1,264 131,703 
United States 60,372 2,193,016 59,393 6,032,002 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
W^hite Area acreage of 189 acres. 
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Other feed Land . 
grains Soybeans Cotton unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,329 48,721 164 4,752 0 0 
492 19,298 3,091 85,012 247 276 
292 9,947 3,624 94,194 120 500 
40 1,320 4,204 105,041 4,333 655 
610 25,082 34,439 1,055,829 1 0 
2,736 82,008 5,516 132,394 0 1,304 
11,273 834,329 5,964 150,691 0 11,781 
4,788 360,790 2,204 62,658 8,444 2,596 
1,656 105,691 c 3 294 4,343 
1,588 76,578 0 0 17 92 
24,804 1,563,764 59,206 1,690,574 13,456 21,547 
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All farm production regions have higher corn productions than 
in the base solution. The Corn Belt has the largest production 
increase, 433.4 million bushels, and 49.4 percent of the national 
production. Per acre yields of 124.6 bushels, 107.8 bushels, 104.5 
bushels, and 104.2 bushels occur in the Northern Plains, Southern 
Plains, Corn Belt, and Pacific regions, respectively. The national 
corn yield, 101.6 bushels per acre, is 1.3 bushels lower than in the 
base solution. 
Other feed grain production is reduced 8.6 million corn-equivalent 
bushels from the base solution as less feed is needed for livestock 
production. The Northern Plains and Southern Plains, the two largest 
producers, account for 53.4 percent and 23.1 percent of the national 
production, respectively. Other feed grain national yield is 3.0 
corn-equivalent bushels higher than in the base solution, where 60.0 
bushels per acre is the yield. 
All regions with soybean activities in the linear programming 
model have increased production over the base solution. Production 
increases of over 50 million bushels from the base solution occur 
in the following regions: Southeast, Delta States, Corn Belt, Lake 
States, and Northern Plains. Soybean production is concentrated in 
the Corn Belt, with 62.5 percent of the total. Soybeans have a 
national yield of 28.6 bushels per acre, 2.1 bushels lower than in 
the base solution. 
Although the cotton lint demand is the same for all trend 
fertilization solutions, acres in cotton production are 282,000 
acres higher than in the base solution. Only two regions change 
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cotton acreage from the base solution -- the Southeast decreases 
acreage as the Southern Plains increases acreage. The national yield 
of 521.8 pounds of cotton lint per acre is 11.2 pounds lower than the 
base solution yield. 
All supply prices are higher than base solution prices (except 
cotton), but lower than 1973 prices (see Table 42). Supply price 
increases over the base solution are: 14.7 percent for wheat, 17.0 
percent for corn, 8.5 percent for other feed grains, and 26.5 percent 
Table 42. Farm prices under Solution TRENDl.O (with trend fertiliza­
tion and trend exports of wheat, corn, and oilmeals) and 
comparisons for 1973 and the base solution (Solution WlClSl) 
1980 prices^  
1973 Base 
Commodity Unit price^  solution TRENDl.O 
Crops 
Wheat $/bushel 3.96 1.56 1.79 
Corn $/bushel 2.55 1.00 1.17 
Other feed grains $/bushel*^  1.90 1.06 1.15 
Soybeans $/bushel 7.69 2.15 2.72 
Cotton c/pound 44.6 31.6 31.6 
Livestock and 
livestock products 
Cattle $/cwt. 42.80 36.75 38.34 
Hogs $ / cwt. 39.40 25.50 27.42 
Broilers C/pound 24.0 14.9 16.1 
Lamb $/cwt. 35.10 28.46 29.47 
Turkeys <?/pound 34.8 23.5 25.3 
Eggs ç/dozen 54.1 37.4 39.5 
Milk $/cwt. 7.14 5.57 5.85 
S^ources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
P^rices are expressed in dollars per bushel of com equivalent. 
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for soybeans. Using trend fertilization levels, crop prices do not 
increase substantially when exports are increased and domestic demands 
adjust. Livestock and livestock product prices reflect the small 
crop price increases for corn and soybeans from the base solution. 
Fertilizer data for the endogenous crops produced in the 150 
producing areas are given in Table 43. Nitrogen usage, 7.5 million 
tons, is 13.8 percent more than in the base solution. Elemental 
phosphorus usage, 1.6 million tons, is 20.1 percent higher than the 
base solution. Elemental potassium usage, 2.4 million tons, is 21.2 
percent above the base solution usage. Corn uses 61.3 percent of the 
nitrogen, 44.6 percent of the phosphorus, and 52.7 percent of the 
potassium in Table 43. Application rates are fairly close to base 
solution rates except for the nitrogen rate on other feed grains. 
Nitrogen application rates on wheat and com differ markedly from 
1973 estimated rates. 
Per capita expenditures for selected farm-foods, shown in Table 
44, are $10.61 over the base solution. Consumptions of beef and pork 
are lower than in the base solution, but chicken and lamb consumptions 
are up slightly from the base solution. The farm-food expenditure is 
13.9 percent of disposable income. Trend fertilization not only keeps 
crop prices fairly stable, but also keeps livestock production levels 
from changing drastically when exports are increased. 
Table 45 gives the net farm income from endogenous crops produced 
in the 150 producing areas. The total, 4.8 billion dollars, represents 
an increase of 113.2 percent over the base solution. As in all 
previous solutions, the Corn Belt and Northern Plains are the two 
Table 43. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution TRENDl.O and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons 
used 
Pounds/acre Tons 
used 
Pounds/acre Tons 
used 
Pounds/ acre 
Crop 1973^  1980 1973a 1980 1973a 1980 
(000) (000) (000) 
Wheat 1,270.2 30.2 43.3 419.0 7.5 14.3 423.2 5.1 14.4 
Corn 4,610.0 106.0 160.6 718.1 24.0 25.0 1,263.1 47.1 44.0 
Other feed 
grains 1,133.7 NA*^  106.6 181.1 NA*^  17.0 134.8 NA'^  12.7 
Soybeans 125.0 3.4 4.3 245.7 5.9 8.4 493.2 14.6 16.9 
Cotton 386.5 54.0 57.9 44.8 12.7 6.7 84.4 20.1 12.6 
All crops 7,525.4 1,608.7 2,398.7 
C^omputed from estimates in Table 10 of Source (32). 
Includes barley, oats, and grain sorghum. 
N^ot available. 
Table 44. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution TRENDl.O 
Per capita Retail price 
Commodity Unit consumption per unit^ Expenditure^ 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 88.1 1.23 108.36 
Pork (lbs. retail wt.) 70.8 .85 60.18 
Chicken (lbs. r.t.c. wt.) 56.9 .47 26.74 
Lamb (lbs. retail wt.) 3.0 1.27 3.81 
Turkey (lbs. r.t.c. wt.) 10.0 .62 6.20 
Eggs (number, incl. products) 285.0 .05 14.25 
Dairy (lbs., whole milk equiv.) 545.0 .14 76.30 
Total 295.84 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 686.67 
I^n 1973 dollars. 
R^epresents 13.9 percent of disposable income. The national expenditure totals 155.0 billion 
dollars. 
Table 45. Net farm income by crop and farm production region for the 150 producing areas in 
Solution TREND1.0 
Farm 
production 
region Wheat Com 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)® 
Northeast 34,355 22,166 8,215 4,043 0 68,779 
Appalachian 29,535 146,301 3,505 77,174 6,254 262,769 
Southeast 1,029 77,671 1,627 45,788 2,661 128,776 
Delta States 25,912 25,026 0 65,553 119,783 236,274 
Corn Belt 107,060 944,137 1,111 1,025,670 0 2,077,978 
Lake States 101,891 87,543 20,715 51,043 0 261,192 
Northern Plains 398,334 286,604 275,948 87,543 0 1,048,429 
Southern Plains 68,298 27,973 49,198 59,308 151,690 356,467 
Mountain 115,937 9,815 25,119 0 5,844 156,715 
Pacific 169,363 41,401 18,837 0 0 229,601 
United States 1,051,714 1,668,637 404,275 1,416,122 286,232 4,826,980 
Expressed in 1973 dollars. 
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leading farm production regions in net farm income from endogenous 
crops. Wheat, corn, and soybeans account for 21.8 percent, 34.6 
percent, and 29.3 percent of the total net farm income in Table 45, 
respectively. 
Agriculture in "Tight" Production Capacity 
(Solution TFENDl.2) 
Trend fertilization has kept crop prices in the previous five 
solutions from extreme variations. These crop prices are the supply 
prices needed to cover nonland production costs in meeting specified 
demands. As more land is used in production, supply prices increase 
as less productive land is cultivated and the imputed values of higher 
quality land are increased. Trend fertilization has reduced the amount 
of land that would have been needed under lower fertilization levels, 
and nonland production costs based on 1973 prices have kept these 
costs at low levels. 
This solution is used to show American agriculture at nearly 
full crop production capacity. Exports of wheat, com, and oilmeals 
are at a level of 1.2 times twice the 1973 levels minus the 1966 
levels. As will be explained later, the increase in crop prices has 
a depressing effect on the amount of livestock products being demanded. 
Acreages and productions of the exogenous crops are reported by 
farm production region in Table 46. Except for the Delta States and 
the Corn Belt, all regions increase wheat production over the base 
solution. The national yield, 34.5 bushels per acre, is 3.7 bushels 
less than in the base solution. No wheat is fed to livestock based 
on the singular prices of grains. (This study does not consider the 
Table 46. Distribution of acreage and production for Solution 
TRENDl.2 among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 2,318 96,925 1,474 118,741 
Appalachian 1,593 69,753 4,567 433,728 
Southeast 270 8,058 4,196 315,255 
Delta States 1,842 58,688 1,355 93,998 
Corn Belt 3,512 140,833 28,046 2,884,622 
Lake States 9,120 338,056 5,874 528,238 
Northern Plains 29,890 983,193 11,121 1,329,594 
Southern Plains 8,073 227,497 3,216 330,274 
Mountain 11,317 372,672 1,569 139,341 
Pacific 4,952 217,018 1,065 111,643 
United States 72,887 2,512,693 62,483 6,285,434 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
W^hite Area acreage of 189 acres. 
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Other feed 
grains^  Soybeans Cotton 
Land j 
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
829 27,418 422 11,446 0 0 
330 12,164 3,578 96,844 247 0 
29 742 4,487 115,267 60 236 
40 1,320 5,058 123,237 4,440 0 
13 647 37,611 1,166,313 1 0 
1,290 37,939 6,747 166,685 0 0 
10,003 775,002 5,966 150,735 0 0 
7,663 475,064 3,503 91,948 5,954 0 
2,606 145,784 c 3 294 132 
1,151 49,671 0 0 718 0 
23,954 1,525,751 67,372 1,922,478 11,714 368 
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price variations throughout a crop year which can make wheat feeding 
profitable.) 
Corn production, 6.3 billion bushels, is 1.0 billion bushels 
above the base solution. Except for the Delta States and Pacific 
regions, all production regions have larger productions than in the 
base solution. The national yield, 100,6 bushels per acre, is 2.3 
bushels lower than in the base solution. Although less corn is needed 
for the reduced livestock production, the increase in exports leads 
to an overall increase in corn production from the base solution. 
Since exports of other feed grains are held constant throughout 
the analysis, the reduced livestock production leads to a decrease in 
the amounts of other feed grains being demanded. Other feed grain 
production is 46.7 million corn-equivalent bushels less than in the 
base solution. A national yield of 63.7 com-equivalent bushels per 
acre is 3.7 bushels higher than in the base solution. 
Soybean production, 1.9 billion bushels, is 658.1 million bushels 
over the base solution. All eight farm production regions with soy­
bean producing activities in the linear programming model have higher 
production levels than in the base solution. Soybean production is 
concentrated in the Corn Belt with 60.7 percent of the national produc­
tion. The national soybean yield is 28.5 bushels per acre compared to 
30.7 bushels per acre in the base solution. Solution WlClSl. 
Land used for cotton production declines 1.5 million acres from 
the base solution. Compared to the base solution, the Southeast and 
Southern Plains reduce cotton acres, while the Delta States and Pacific 
increase acres in cotton production. High yields in the Pacific region 
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account for less land being used and the national yield of 600.4 
pounds of cotton lint per acre. 
Only 368,000 acres of available cropland are not used for endogenous 
crop production. This unused land exists in the Southeast and Mountain 
regions. Solution TRENDl.2 has nearly exhausted the land supply avail­
able for production of the crops in the study. 
Crop supply prices for Solution TRENDl.O approach the 1973 crop-
year prices as shown in Table 47. Compared to 1973 prices, wheat price 
Table 47. Farm prices under Solution TRENDl.2 (with trend fertiliza­
tion and exports of wheat, corn, and oilmeals at 1.2 times 
their trend levels) and comparisons for 1973 and the base 
solution (Solution WlClSl) 
Commodity Unit 
1973, 
price^  
1980 prices 
Base 
solution TRENDl.2 
Crops 
Wheat 
Corn 
Other feed grains 
Soybeans 
Cotton 
Livestock and 
$/bushel 
$/bushel 
$/bushel'^  
$/bushel 
<:/pound 
3.96 
2.55 
1.90 
7.69 
44.6 
1.56 
1.00 
1.06 
2.15 
31.6 
3.39 
1.95 
2.14 
5.64 
40.2 
livestock products 
Cattle $/cwt. 42.80 36.75 45.72 
Hogs $/cwt. 39.40 25.50 36.38 
Broilers <:/pound 24.0 14.9 21.8 
Lamb $/cwt. 35.10 28.46 34.19 
Turkeys <?/pound 34.8 23.5 34.0 
Eggs <:/dozen 54.1 37.4 49.4 
Milk $/cwt. 7.14 5.57 7.15 
Sources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
'Prices are expressed in dollars per bushel of corn equivalent. 
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is 14.4 percent lower, corn price is 23.5 percent lower, soybean price 
is 26.7 percent lower, and the cotton price is 9.9 percent lower. 
Other feed grains price, 12.6 percent above the 1973 level, is not 
fully comparable, because it could represent different combinations 
of oats, barley, and grain sorghum. All crop supply prices for Solu­
tion TRENDl.O are considerably higher than base solution prices. 
Compared to the base solution, the wheat price is 117.3 percent higher, 
the corn price is 95.0 percent higher, and the soybean price is 162.3 
percent higher. 
Livestock and livestock product prices for Solution TRENDl.O 
also approach the 1973 feeding-year prices. The cattle price is 
nearly $3.00 per hundredweight higher than the 1973 price. Other 
prices, except milk, are slightly lower than 1973 levels. Livestock 
and livestock product prices are substantially above base solution 
prices. 
Fertilizer use and application rates for the endogenous crops in 
the 150 producing areas are presented in Table 48. Nitrogen usage, 
8.1 million tons, is up 22.5 percent from the base solution. Phos­
phorus usage is increased 34.1 percent from the 1.3 million tons used 
in the base solution. Potassium usage is 2.6 million tons, 32.9 
percent higher than in the base solution. Application rates differ 
considerably from the 1973 estimated rates and the base solution rates. 
Per capita expenditures for specified farm-food products is 
$724.12, an increase of $48.06 over the base solution (see Table 49). 
Compared to the base solution, beef and pork consumptions drop by 
10.5 percent and 6.8 percent, respectively. Chicken consumption 
Table 48. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution TRENDl.2 and comparisons for 1973 
Crop 
Nitrogen Phosphorus Potassium 
Tons 
used 
Pounds/acre Tons 
used 
Pounds/acre Tons 
used 
Pounds/acre 
1973* 1980 1973® 1980 1973* 1980 
(000) (000) (000) 
Wheat 1,393.0 30.2 39.1 502.5 7.5 14.1 412.7 5.1 11.6 
Com 4,996.9 106.0 165.2 776.2 24.0 25.7 1,362.6 47.1 45.0 
Other feed 
grains^  1,124.5 NA.^  110.1 173.6 17.0 107.2 NA^  10.5 
Soybeans 153.3 3.4 4.6 294.5 5.9 8.9 619.2 14.6 18.6 
Cotton 433.2 54.0 74.6 50.0 12.7 8.6 129.4 20.1 22.3 
All crops 8,100.9 1,796.8 2,631.1 
C^omputed from estimates in Table 10 of Source (32). 
I^ncludes barley, oats, and grain sorghum. 
^Not available. 
Table 49. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution TRENDl.2 
Per capita Retail price 
Commodity Unit consumption per unit^ Expenditure® 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 80.5 1.39 111.89 
Pork (lbs. retail wt.) 66.8 1.02 68.14 
Chicken (lbs. r.t.c. wt.) 58.3 .55 32.07 
Lamb (lbs. retail wt.) 3.0 1.38 4.14 
Turkey (lbs. r.t.c. wt.) 10.0 .73 7.30 
Eggs (number, incl. products) 285.0 .06 17.10 
Dairy (lbs., whole milk equiv.) 545.0 .17 92.65 
Total 333.29 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 724.12 
^In 1973 dollars. 
^Represents 14.6 percent of disposable income. The national expenditure totals 163.4 billion 
dollars. 
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Increases by 3.0 percent, and lamb consumption Increases by 3.4 percent 
over the base solution. The average consumer expenditure for the 
specified items is 14.6 percent of disposable income. 
Net farm Incomes from the endogenous crops produced in the 150 
producing areas are presented in Table 50. The national total, 21.4 
billion dollars, is 19.2 billion dollars over the base solution. Wheat, 
corn, and soybeans account for 23.5 percent, 31.0 percent, and 33.5 
percent of the total net farm income in Table 50. The Corn Belt leads 
in net farm income from endogenous crops with 38.6 percent of the total. 
Table 50. Net farm income by crop and farm production region for the 150 producing areas in 
Solution TREND1.2 
Farm 
production 
region Wheat Com 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)^  
Northeast 207,526 94,098 10,821 38,459 0 350,904 
Appalachian 141,360 472,059 5,612 335,081 17,480 971,592 
Southeast 15,139 339,995 200 379,806 3,591 738,731 
Delta States 116,640 104,516 0 418,528 340,347 980,031 
Corn Belt 298,537 3,344,173 0 4,616,662 0 8,259,372 
Lake States 686,625 416,120 42,714 534,172 0 1,679,631 
Northern Plains 1,963,303 1,427,545 1,102,561 536,124 0 5,029,533 
Southern Plains 478,841 258,702 485,151 316,441 329,169 1,868,304 
Mountain 626,844 69,774 118,647 0 16,335 831,600 
Pacific 496,679 111,065 12,446 0 93,093 713,283 
United States 5,031,494 6,638,047 1,778,152 7,175,273 800,015 21,422,981 
E^xpressed in 1973 dollars. 
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CHAPTER VII. RESULTS FOR THE FIVE MODEL 
ALTERNATIVES WITH LIMITED FERTILIZATION 
The five model solutions presented in this chapter have endogenous 
crop productions using the limited fertilization level. Thus, no crop 
production activity has over 50 pounds of nitrogen applied per acre. 
Crop production activities using no more than 50 pounds of applied 
nitrogen per acre under trend fertilization are not changed in the 
linear programming model to comply with the limited fertilization 
level. (Soybean activities are the same for both fertilization levels.) 
Decreasing the amount of nitrogen used in a crop activity usually 
results in a reduction in the amounts of phosphorus and potassium 
needed. 
Exports of wheat, corn, and oilmeals vary among the five solu­
tions, The exports of other feed grains and cotton lint are held at 
1973 levels, the same export levels as in the trend fertilization 
solutions in Chapter VI. (See Table 8 for the export quantities.) 
The first solution discussed. Solution LWlClSl, has wheat, corn, 
and oilmeal exports at 1973 levels. Solution LWl.SClSl has wheat 
exports at 1.5 times the 1973 level and exports of all other endogenous 
crops at 1973 levels. Corn exports at twice the 1973 level and other 
crop exports at 1973 levels are specified for Solution LW1C2S1. 
Solution LWlClSl.5, the fourth solution presented, has oilmeal exports 
at 1.5 times the 1973 level and other crop exports at 1973 levels. 
The last solution discussed. Solution LTREND0.9, has exports of wheat, 
corn, and oilmeals at 0.9 times their trend levels. 
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Exports of wheat and oilmeals at 1.5 times their 1973 levels are 
used, because the linear programming model cannot meet total crop 
demands at double exports and/or the resulting livestock prices cut 
livestock product consumptions to very low levels. Similar results 
made it necessary to specify trend exports of wheat, corn, and oilmeals 
at 0.9 times their trend levels. As will be seen, the production 
flexibility and rather stable crop prices of the solutions based on 
trend fertilization are not present in the limited fertilization 
solutions. Comparisons are made with the base solution. Solution 
WlClSl, which uses the trend fertilization level. 
Exports of Wheat, Corn, and Oilmeals at 1973 Levels 
(Solution LWlClSl) 
Although the export levels of all crops in this solution are the 
same as in the base solution, total crop productions of corn, other 
feed grains, and soybeans are lower than base solution productions. 
A reduced livestock demand for these grains and a higher level of 
wheat feeding in Solution LWlClSl has caused these lower grain produc­
tions. Table 51 gives the acreages and productions of endogenous 
crops in the 150 producing areas and the White Area on a farm produc­
tion region basis. A total of 212.8 million acres is used in crop 
production, 33.7 million acres above the base solution usage. 
A national wheat production of 1.8 billion bushels requires 50.8 
million harvested acres. The national yield, 36.3 bushels per acre, 
is 1.9 bushels lower than the base solution. Wheat production 
Increases over the base solution levels are present in the Southeast, 
Lake States, Northern Plains, Southern Plains, and Pacific regions. 
Table 51. Distribution of acreage and production for Solution LWlClSl 
among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 1,435 58,928 2,115 158,977 
Appalachian 996 38,631 5,052 324,262 
Southeast 509 15,418 4,104 191,271 
Delta States 2,024 61,580 1,355 66,203 
Corn Belt 5,863 233,005 37,359 3,123,319 
Lake States 6,635 249,739 5,597 464,752 
Northern Plains 16,877 617,553 7,227 443,060 
Southern Plains 4,153 102,841 4,478 255,237 
Mountain 6,973 237,881 1,567 121,875 
Pacific 5,373 231,986 1,222 99,181 
United States 50,838 1,847,562 70,076 5,248,137 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
T^fhite Area acreage of 189 acres. 
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Other feed 
grains Soybeans Cotton 
Land  ^
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,480 53,265 14 329 0 0 
1,276 45,654 2,651 72,944 247 94 
972 31,438 2,033 58,048 464 1,196 
40 1,188 4,144 103,286 4,333 840 
1,401 41,956 24,556 769,539 1 0 
4,441 132,591 2,835 63,076 0 3,522 
14,050 742,943 5,126 132,830 0 13,702 
6,415 291,911 2,022 58,464 8,947 2,394 
2,893 117,696 c 3 294 4,190 
1,274 51,168 0 0 17 0 
34,242 1,509,810 43,381 1,258,519 14,303 25,938 
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Nearly one-third of the national production is concentrated in the 
Northern Plains. A total of 80.4 million bushels of wheat is fed to 
livestock. 
National corn production is down 33.2 million bushels from the base 
solution, but an additional 18.8 million acres are needed for corn 
production. Restricting nitrogen application rates on corn acres has 
greatly increased the amount of land needed for corn production. The 
national yield of 74.9 bushels per acre is 28.0 bushels less than in 
the base solution. Production increases over the base solution occur 
in the Northeast, Corn Belt, Lake States, and Mountain regions. The 
Com Belt has a production increase of 577.5 million bushels. 
Other feed grain production, 1.5 billion com-equivalent bushels, 
is a reduction of 62.6 million corn-equivalent bushels from the base 
solution. Although production is down only 4.0 percent from the base 
solution, acreage increases by 30.6 percent. The national yield is 
44.1 corn-equivalent bushels per acre, 15.9 corn-equivalent bushels 
lower than in the base solution. As with corn production, restricting 
fertilizer causes much more land to come into production and a large 
drop in national yield. 
Soybean production is decreased by 0.5 percent from the base 
solution, but acres in soybeans increase by 5.4 percent. Both soy­
bean and wheat production are less affected by the fertilizer limita­
tion than are feed grains and cotton. The national yield is 29.0 
bushels per acre, which is only 1.7 bushels less than in the base 
solution. Even with a 227.2 million bushel decrease from the base 
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solution, the Corn Belt contains 61.1 percent of the national soybean 
production. 
Cotton acreage increases by 1.1 million acres or 8.6 percent over 
the base solution. Only the Southeast and Southern Plains regions have 
different acreages than in the base solution. The national yield of 
490.3 pounds of cotton lint per acre is 42.7 pounds under the base 
solution yield. 
A total of 25.9 million acres is available for crop production, 
but left unused in meeting domestic and export demands. All farm 
production regions use more of their available land supply than in 
the base solution. The Northeast, Corn Belt, and Pacific regions 
have exhausted their available land supplies. 
Table 52 gives the farm prices for Solution LWlClSl, the base 
solution farm prices, and 1973 farm prices. Although crop prices 
are below 1973 crop-year levels, they are higher than base solution 
prices. Compared to the base solution, wheat price increases by 7.1 
percent, corn price by 29.0 percent, other feed grain price by 32.1 
percent, soybean price by 13.5 percent, and cotton lint price by 8.2 
percent. Livestock and livestock product prices are also between the 
base solution prices and the 1973 feeding-year prices. Increases in 
the prices of corn and soybeans over the base solution are reflected 
in the livestock prices. Compared to the base solution, the cattle 
price is 5.8 percent higher, the hog price is 9.1 percent higher, and 
the broiler price is 7,4 percent higher. 
Fertilizer usage, presented in Table 53, changes considerably 
from the base solution with trend fertilization. Elemental nitrogen 
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Table 52. Farm prices under Solution LWlClSl (with crop exports at 
1973 levels and nitrogen application limited to 50 pounds 
per acre) and comparisons for 1973 and the base solution 
(Solution WlClSl) 
1980 prices 
1973 Base 
Commodity Unit price^  solution LWlClSl 
Crops 
Wheat 
Corn 
Other feed grains 
Soybeans 
Cotton 
$/bushel 
$/bushel 
$/bushel^  
$/bushel 
<:/pound 
3.96 
2.55 
1.90 
7.69 
44.6 
1.56 
1.00 
1.06 
2.15 
31.6 
1.67 
1.29 
1.40 
2.44 
34.2 
Livestock and 
livestock products 
Cattle $ / cwt. 42, .80 36, .75 38, .89 
Hogs $/cwt. 39. 40 25, .50 27, .82 
Broilers <?/pound 24, .0 14, ,9 16, ,0 
Lamb $/cwt. 35. ,10 28, ,46 29, ,67 
Turkeys c/pound 34. ,8 23. ,5 25. ,4 
Eggs C/dozen 54. ,1 37. 4 39. ,6 
Milk $/cwt. 7. ,14 5. ,57 5. ,88 
S^ources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
'^ Prices are expressed in dollars per bushel of corn equivalent. 
usage is reduced by 48.8 percent, elemental phosphorus usage is cut 
by 17.1 percent, and elemental potassium usage is down 13.6 percent. 
Compared to the base solution, nitrogen application rates of wheat, 
corn, other feed grains, and cotton are reduced by 17.7 percent, 
70.4 percent, 66.9 percent, and 43.1 percent, respectively. The 
average nitrogen application rate on soybeans has increased from 
4.1 pounds to 4.6 pounds per acre, a 12,2 percent increase over the 
base solution. 
Table 53. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution LWlClSl and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons 
used 
Pounds/ acre Tons 
used 
Pounds/ acre Tons 
used 
Pounds/ acre 
Crop 1973® 1980 1973® 1980 1973® 1980 
(000) (000) (000) 
Wheat 915.6 30.2 37.2 323.0 7.5 13.1 354.1 5.1 14.4 
Corn 1,657.1 106.0 48.7 436.9 24.0 12.8 779.2 47.1 22.9 
Other feed 
grains^  468.0 30.5 117.8 NA"" 7.7 121.7 NA'' 7.9 
Soybeans 98.2 3.4 4.6 191.7 5.9 9.0 377.6 14.6 17.7 
Cotton 244.0 54.0 34.4 41.7 12.7 5.9 77.3 20.1 10.9 
All crops 3,382.9 1,111.1 1,709.9 
C^omputed from estimates in Table 10 of Source (32). 
Includes barley, oats, and grain sorghum. 
N^ot available. 
159 
Consumer food costs for specified farm-food products are given 
in Table 54. Beef consumption is 2.4 pounds retail weight under the 
base solution level. Pork consumption is reduced 1.1 pounds retail 
weight from the base solution. Chicken and lamb consumptions are 
slightly higher than the base solution consumptions. The per capita 
expenditure for livestock products is $11.46 or 4.0 percent above 
the base solution expenditure. 
Net farm Income from crops produced in the 150 producing areas 
is presented in Table 55. The total net farm income from the 
endogenous crops is 4.2 billion dollars, 85.4 percent above the base 
solution total. This Increase in net farm Income is the result of 
higher crop (supply) prices as more land of lower quality is used. 
All crops and farm production regions have higher net farm incomes 
than in the base solution. 
Exports of Wheat at 1.5 Times the 1973 Level 
(Solution LW1.5C1S1) 
A solution with wheat exports at twice the 1973 level could not 
be achieved unless domestic livestock product demands were pushed to 
extremely low levels. Thus, Solution LW1.5C1S1 has wheat exports at 
1.5 times the 1973 level and exports of other endogenous crops at 
1973 levels. As given in Table 56, 230.7 million acres are used to 
produce crops in the 150 producing areas and the White Area. 
National wheat production and wheat acres are 33.3 percent and 
46.0 percent above base solution levels, respectively. Only the 
Northeast and Appalachian regions have lower productions than their 
base solution productions. The national yield of 34.9 bushels per 
Table 54. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution LWlClSl 
Per capita Retail price 
Commodity Unit consumption per unit® Expenditure^  
Livestock and 
livestock products 
Beef (lbs. retail wt.) 87.5 1.24 108.50 
Pork (lbs. retail wt.) 70.6 .86 60.70 
Chicken (lbs. r.t.c. wt.) 57.3 .47 26.93 
Lamb (lbs. retail wt.) 3.0 1.27 3.81 
Turkey (lbs. r.t.c. wt.) 10.0 .62 6.20 
Eggs (number, incl. products) 285.0 .05 14.25 
Dairy (lbs., whole milk equiv.) 545.0 .14 76.30 
Total 296.69 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Per capita expenditure 687.52 
I^n 1973 dollars. 
R^epresents 13.9 percent of disposable income. The national expenditure totals 155,2 billion 
dollars. 
Table 55. Net farm income by crop and farm production region for the 150 producing areas in 
Solution IMlClSl 
Farm 
production 
region Wheat Com 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)* 
Northeast 21,426 47,213 15,754 94 0 84,487 
Appalachian 13,393 97,217 14,189 54,309 8,502 187,610 
Southeast 2,382 39,918 4,566 30,252 12,354 89,472 
Delta States 13,723 13,260 0 33,324 149,004 209,311 
Com Belt 69,145 1,315,479 3,991 564,993 0 1,953,608 
Lake States 87,527 98,233 42,199 17,142 0 245,101 
Northern Plains 258,783 97,478 273,057 43,326 0 672,644 
Southern Plains 18,146 49,746 98,981 41,545 211,275 419,693 
Mountain 55,911 15,370 50,000 0 7,956 129,237 
Pacific 149,461 49,138 8,135 0 0 206,734 
United States 689,897 1,823,052 510,872 784,985 389,091 4,197,897 
E^xpressed in 1973 dollars. 
Table 56. Distribution of acreage and production for Solution 
LW1.5C1S1 among the 10 farm production regions 
Farm 
production 
region 
Wheat corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 1,694 70,105 1,855 138,776 
Appalachian 1,058 41,112 4,687 304,039 
Southeast 628 18,014 3,374 160,159 
Delta States 2,751 80,690 1,373 66,920 
Corn Belt 6,912 279,432 37,229 3,114,736 
Lake States 9,205 335,541 6,784 549,521 
Northern Plains 27,727 931,360 6,917 421,006 
Southern Plains 5,647 141,057 4,161 239,016 
Mountain 8,468 298,715 1,873 145,726 
Pacific 5,017 215,643 1,222 99,181 
United States 69,107 2,411,669 69,475 5,239,080 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
*Tv(hite Area acreage of 189 acres. 
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Other feed 
grains® Soybeans Cotton 
Land ^  
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,329 46,845 164 4,752 0 0 
1,276 45,654 2,954 80,954 247 94 
961 31,411 2,839 77,627 771 704 
40 1,188 4,131 102,918 4,333 107 
610 20,437 24,431 761,066 1 0 
3,645 108,198 3,397 78,551 0 0 
15,292 777,806 3,639 85,954 0 3,406 
6,403 290,991 2,136 61,160 8,528 1,536 
3,048 119,221 c 3 294 2,234 
1,629 70,288 0 0 17 0 
34,233 1,512,039 43,691 1,252,985 14,191 8,081 
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acre is 3.3 bushels less than in the base solution. A total of 45.6 
million bushels of wheat is fed to livestock. 
Although corn production is reduced only 0.8 percent from the 
base solution, acres in corn increase by 35.4 percent. The following 
farm production regions have lowered their corn productions from the 
base solution levels: Appalachian, Southeast, Delta States, Northern 
Plains, Southern Plains, and Pacific. Corn yields average 75.4 
bushels per acre for the nation, 27,5 bushels lower than the base 
solution yield. 
Compared to the base solution, other feed grain production 
decreases by 3.8 percent, while acres in this crop increase by 30.6 
percent. All 10 farm production regions have changed production levels 
in the base solution by less than 40 million corn-equivalent bushels. 
The national yield, 44.2 corn-equivalent bushels per acre, is 15.8 
corn-equivalent bushels less than the base solution yield. Livestock 
production in Solution LWl.SClSl uses less feed grains and soybeans 
than are needed in the base solution. A slightly larger amount of 
wheat feeding has also reduced feed grain demand. 
Soybean production is 0.9 percent under the base solution produc­
tion, but soybean acreage increases by 6.1 percent. Soybeans yield 
28.7 bushels per acre for the nation. Soybean growing activities are 
unchanged for all solutions; however, competition among the endogenous 
crops for land results in a 2.0 bushel decrease in national yield from 
the base solution. Except for the Corn Belt, the farm production regions 
with soybean production activities in the linear programming model have 
larger productions than those present in the base solution. 
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Cotton acreage, 14.2 million acres, is 1.0 million acres above 
the base solution acreage. The Southeast and Southern Plains increase 
acreage in cotton from base solution levels. National cotton lint 
yield is 494.2 pounds per acre, 38.8 pounds less than the base solution 
yield. 
Only 8.0 million acres of land available for crop production are 
not utilized in Solution LWl.SClSl. The Northeast, Corn Belt, Lake 
States, and Pacific regions have completely expended their available 
land supplies. 
Farm prices have failed to reach 1973 prices, but are substantially 
above farm prices in the base solution (see Table 57). Compared to the 
base solution, wheat price is 32.7 percent higher, corn price is 50 
percent higher, other feed grain price is 60.4 percent higher, soy­
bean price is 39.5 percent higher, and cotton price is 12.3 percent 
higher. Livestock prices, based on the prices of corn and soybeans, 
have lower percentage changes from the base solution. The national 
cattle, hog, and broiler prices are 10.8 percent, 17.6 percent, and 
16.1 percent higher than their base solution prices, respectively. 
Fertilizer data are given in Table 58. Fertilizer application 
rates in the 150 producing areas are much different than the 1973 
estimated rates. Nitrogen usage, 3.7 million tons, is 44.6 percent 
less than the amount used in the base solution. Phosphorus and 
potassium usages are reduced 7.3 percent and 9.0 percent from the 
base solution, respectively. Compared to the base solution, nitrogen 
application rates on wheat, corn, and cotton are decreased by 21.5 
percent, 70.5 percent, and 42.0 percent, respectively. 
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Table 57. Farm prices under Solution LWl.SClSl (with wheat exports 
at 1.5 times the 1973 level and nitrogen application 
limited to 50 pounds per acre) and comparisons for 1973 
and the base solution (Solution WlClSl) 
1980 prices 
1973 Base 
Commodity Unit price^  solution LW1.5C1S1 
Crops 
Wheat $/bushel 3.96 
Corn $/bushel 2.55 
Other feed grains /^bushel'^  1.90 
Soybeans $/bushel 7.69 
Cotton <:/pound 44.6 
1.56 
1.00 
1.06 
2.15 
31.6 
2.07 
1.50 
1.70 
3,00 
35.5 
Livestock and 
livestock products 
Cattle $/cwt. 42.80 36.75 40.73 
Hogs $/cwt. 39.40 25.50 29.99 
Broilers C/pound 24.0 14.9 17.3 
Lamb $/cwt. 35.10 28.46 30.81 
Turkeys <?/pound 34.8 23.5 27.4 
Eggs C/dozen 54.1 37.4 41.9 
Milk $/cwt. 7.14 5.57 6.18 
S^ources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
P^rices are expressed in dollars per bushel of corn equivalent. 
Consumer consumptions and expenditures for specified farm-food 
products are presented in Table 59. Beef and pork consumptions are 
lower than base solution levels. Chicken and lamb consumptions are 
above base solution consumptions. Total per capita food expenditure 
is $697.58, $21.52 higher than in the base solution. Since all of 
this increase is in the livestock and livestock products expenditures, 
this category has increased 7.5 percent from the base solution. 
Table 58. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution LWl.SClSl and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/acre Tons Pounds/acre Tons Pounds/acre 
Crop used 19733 1980 used 1973® 1980 used 1973* 1980 
(000) (000) (000) 
Wheat 1,198.0 30.2 35.5 452.9 7.5 13.4 432.6 5.1 12.8 
Corn 1,638.3 106.0 48.6 430.0 24.0 12.7 770.6 47.1 22.8 
Other feed 
grains^  478.3 NA^  31.2 119.2 NA*^  7.8 121.0 NA^  7.9 
Soybeans 100.5 3.4 4.7 197.6 5.9 9.2 397.8 14.6 18.6 
Cotton 247.2 54.0 35.1 42.4 12.7 6.0 79.3 20.1 11.3 
All crops 3,662.3 1,242.1 1,801.3 
C^omputed from estimates in Table 10 of Source (32). 
I^ncludes barley, oats, and grain sorghum. 
N^ot available. 
Table 59. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution LWl.5ClSl 
Per capita Retail price 
Commodity Unit consumption per unit® Expenditure® 
Livestock and 
livestock products 
Beef (lbs, retail wt.) 85.5 1.28 109.44 
Pork (lbs. retail wt.) 69.6 .90 62.64 
Chicken (lbs. r.t.c. wt.) 57.7 .49 28.27 
Lamb (lbs. retail wt.) 3.0 1.30 3.90 
Turkey (lbs. r.t.c. wt.) 10.0 .65 6.50 
Eggs (number, incl. products) 285.0 .05 14.25 
Dairy (lbs., whole milk equiv.) 545.0 .15 81.75 
Total 306.75 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Per capita expenditure 697.58 
I^n 1973 dollars. 
R^epresents 14.1 percent of disposable income. The national expenditure totals 157.4 billion 
dollars. 
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Net farm income from endogenous crops grown in the 150 producing 
areas, given in Table 60, is 7.4 billion dollars. This net farm income 
is an increase of 5.1 billion dollars, or 226.9 percent over the base 
solution. Although nonland production costs in a cropping activity are 
reduced with less fertilizer usage, more land of a lower quality is forced 
into production. The increases in net farm income and crop prices reflect 
the additional land use. All farm production regions at least double net 
farm incomes from the base solution. 
Exports of Corn at Twice the 1973 Level 
(Solution LW1C2S1) 
Doubling corn exports does not lead to the problems encountered 
with doubled wheat or oilmeal exports. Corn exports are a smaller 
share of domestic use than holds true for wheat and soybeans. This 
solution has the same crop exports as Solution W1C2S1, but domestic 
crop demands are different as less feeds are needed for livestock 
production. As before, comparisons are made with the base solution 
(Solution WlClSl). 
Acreages and productions of the endogenous crops are reported 
by farm production region in Table 61. Total land used in producing 
the endogenous crops is 233.0 million acres. The same export levels 
with trend fertilization required 193.1 million acres. 
Wheat production is 7.5 million bushels over the base solution 
production. This increase is included in the 49.6 million bushels 
of wheat used for livestock feeding. The national yield, 35.6 bushels 
per acre, is 2.6 bushels below the base solution yield. Wheat production 
Table 60. Net farm income by crop and farm production region for the 150 producing areas in 
Solution LW1.5C1S1 
Farm 
production 
region Wheat Com 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)® 
Northeast 57,264 58,914 21,825 5,959 0 143,962 
Appalachian 25,069 138,638 26,375 94,001 10,339 294,422 
Southeast 6,610 61,940 12,362 69,264 25,029 175,205 
Delta States 46,356 27,323 0 86,725 181,206 341,610 
Corn Belt 211,151 1,954,801 7,215 964,008 0 3,137,175 
Lake States 218,901 177,963 62,776 57,093 0 516,733 
Northern Plains 705,875 198,905 529,656 76,326 0 1,510,762 
Southern Plains 95,163 93,429 186,664 74,106 246,880 696,242 
Mountain 183,518 33,236 40,804 0 9,675 267,233 
Pacific 225,565 62,388 30,872 0 0 318,825 
United States 1,775,472 2,807,537 918,549 1,427,482 473,129 7,402,169 
Expressed in 1973 dollars. 
Table 61. Distribution of acreage and production for Solution LW1C2S1 
among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 1,084 44,301 2,466 182,394 
Appalachian 889 34,320 5,269 337,310 
Southeast 545 15,418 5,127 232,954 
Delta States 899 24,880 2,440 111,200 
Corn Belt 3,731 151,076 42,595 3,470,908 
Lake States 5,427 201,865 12,050 915,163 
Northern Plains 21,856 757,886 10,269 637,153 
Southern Plains 5,034 123,442 4,840 276,150 
Mountain 6,782 256,673 2,272 164,549 
Pacific 4,827 206,889 1,222 99,181 
United States 51,074 1,816,750 88,550 6,426,962 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands, 
W^hite Area acreage of 189 acres. 
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Other feed Land 
grains^  Soybeans Cotton unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,329 46,845 164 4,752 0 0 
1,167 41,547 2,651 72,944 247 94 
961 31,409 2,067 56,273 338 239 
40 1,188 5,023 122,400 4,333 1 
13 583 22,841 714,618 1 0 
2,756 82,145 2,797 67,472 0 0 
15,489 753,498 5,960 150,607 0 3,407 
6,970 289,934 2,022 58,464 9,065 478 
5,036 168,845 3 294 1,534 
1,820 80,529 0 0 17 0 
35,581 1,496,523 43,525 1,247,533 14,295 5,753 
b 
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increases from the base solution exist in the Southeast, Northern 
Plains, Southern Plains, and Mountain regions. 
A total of 6.4 billion bushels of corn is needed to meet export 
and domestic demands. Production is concentrated in the Corn Belt, 
Lake States, and Northern Plains with 54.0 percent, 14.2 percent, and 
9.9 percent of national production, respectively. The national yield 
of 72.6 bushels per acre is 30.3 bushels less than in the base solu­
tion. Regional corn production decreases from base solution levels 
are present in the Appalachian, Southeast, Northern Plains, and Pacific 
regions. 
Other feed grain production is 75.9 million com-equivalent 
bushels under the base solution production. The Northern Plains leads 
in production with 50.3 percent of the total. Using limited fertiliza­
tion, the national yield is 42.1 com-equivalent bushels per acre. 
Since less feed is needed in livestock production, soybean produc­
tion decreases 16.9 million bushels from the base solution. Only the 
Com Belt reduces production from the base solution. Even with the 
282.1 million bushel decrease, the Corn Belt accounts for 57.3 percent 
of the national soybean production. The national soybean yield of 
28.7 bushels per acre is 2.0 bushels less than the base solution 
yield. 
Land used in cotton production is 1.1 million acres above the 
base solution level. The national cotton lint demand for all five 
limited fertilization solutions is only 17,181 bales under the national 
demand specified for the six trend fertilization solutions. Compared 
to the base solution, the Southeast decreases acres in cotton and the 
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Southern Plains Increases cotton acres. Cotton lint yields average 
490.6 pounds per acre for the nation, 42.4 pounds less than in the 
base solution. 
A total of 5.8 million acres of available land is not needed in 
this solution. In the base solution, 59.6 million acres are left 
unused. Solution W1C2S1 has the same crop exports as this limited 
fertilization solution, but leaves 45.7 million acres unused. No 
unused land exists in the Northeast, Corn Belt, Lake States, and 
Pacific regions for Solution LWlC2Sl. 
Farm prices for this solution and comparisons for 1973 and the 
base solution are given in Table 62. Although some livestock prices 
are near 1973 feeding-year levels, crop prices are far below the 1973 
crop-year prices. However, all Solution LW1C2S1 prices are substantially 
above base solution prices. Compared to the base solution, the wheat 
price is 32.1 percent higher, the corn price is 80.0 percent higher, 
the other feed grain price is 71.7 percent higher, the soybean price 
is 53.0 percent higher, and the cotton price is 15.8 percent higher. 
The prices of cattle, hogs, and broilers in Solution LW1C2S1 are 
16.8 percent, 26.9 percent, and 24.2 percent above base solution 
prices. (Changes in livestock and livestock products among solutions 
are the results of price changes for corn and soybeans.) 
As presented in Table 63, a total of 3.8 million tons of elemental 
nitrogen is used in the 150 producing regions. Solution WlC2Sl has 
nearly the same crop productions, but uses 101.0 percent more nitrogen, 
24.8 percent more phosphorus, and 26.9 percent more potassium. 
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Table 62. Farm prices under Solution LW1C2S1 (with corn exports at 
twice the 1973 level and nitrogen application limited to 
50 pounds per acre) and comparisons for 1973 and the base 
solution (Solution WlClSl) 
1980 prices 
1973 Base 
Commodity Unit price^  solution LW1C2S1 
Crops 
Wheat $/bushel 3.96 
Corn $/bushel 2.55 
Other feed grains $/bushel^ 1.90 
Soybeans $/bushel 7.69 
Cotton c/pound 44.6 
1.56 
1.00 
1.06 
2.15 
31.6 
2.06 
1.80 
1.82 
3.29 
36.6 
Livestock and 
livestock products 
Cattle $/cwt. 42.80 
Hogs $/cwt. 39.40 
Broilers c/pound 24.0 
Lamb $ / cwt. 35.10 
Turkeys /pound 34.8 
Eggs O/dozen 54.1 
Milk $/cwt. 7.14 
36.75 
25.50 
14.9 
28.46 
23.5 
37.4 
5.57 
42.93 
32.37 
18.5 
32.07 
29.4 
44.1 
6.50 
S^ources: (26, 30). 
P^rices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
'^ Prices are expressed in dollars per bushel of corn equivalent. 
Compared to 1973 estimated rates, the nitrogen application rates for 
wheat and soybeans in Solution LW1C2S1 are fairly close. 
As presented in Table 64, the average consumer expenditure for 
specified farm-food products is $705.39 which is 4.3 percent above 
the base solution level. Beef and pork consumptions have declined 
by 7.5 percent and 4.5 percent from the base solution, respectively. 
Chicken and lamb consumptions have increased by 3.0 percent and 6.9 
Table 63, Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution LW1C2S1 and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/acre Tons Pounds/acre Tons Pounds/acre 
Crop used 1973a 1980 used 1973a 1980 used 1973* 1980 
(000) (000) (000) 
Wheat 881.4 30.2 35.7 333.8 7.5 13.5 310.5 5.1 12.6 
Corn 2,104.8 106.0 48.6 557.8 24.0 12.9 966.1 47.1 22.3 
Other feed 
grains^ 456.0 NA'^  28.5 116.5 NA'^  7.3 110.7 NA"" 6.9 
Soybeans 100.0 3.4 4.7 190.0 5.9 8.9 373.1 14.6 17.5 
Cotton 244.4 54.0 34.4 41.3 12.7 5.8 76.1 20.1 10.7 
All crops 3,786.6 1,239.4 1,836.5 
C^omputed from estimates in Table 10 of Source (32). 
I^ncludes barley, oats, and grain sorghum. 
N^ot available. 
Table 64. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution LW1C2S1 
Per capita Retail price 
Commodity Unit consumption per unit® Expenditure® 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 83.2 1.33 110.66 
Pork (lbs. retail wt.) 68.5 .95 65.08 
Chicken (lbs. r.t.c. wt.) 58.3 .50 29.15 
Lamb (lbs. retail wt.) 3.1 1.33 4.12 
Turkey (lbs. r.t.c. wt.) 10.0 .67 6.70 
Eggs (number, incl. products) 285.0 .06 17.10 
Dairy (lbs., whole milk equiv.) 545.0 .15 81.75 
Total 314.56 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Per capita expenditure 705.39 
®In 1973 dollars. 
R^epresents 14.2 percent of disposable income. The national expenditure totals 159.2 billion 
dollars. 
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percent over the base solution, respectively. The total per capita 
expenditure represents 14.2 percent of disposable income. 
Endogenous crops in the 150 producing areas provide a net farm 
income of 10.0 billion dollars. (See Table 65.) In the base solu­
tion, the comparable figure is 2.3 billion dollars. The Com Belt 
has 46.3 percent of the net farm income from endogenous crops, as all 
regions greatly increase their totals from the base solution. 
Exports of Oilmeals at 1.5 Times the 1973 Level 
(Solution LWlClSl.5) 
The effects of increased oilmeal exports under limited fertiliza­
tion are analyzed in this solution. Oilmeals is composed of soybeans, 
soybean oilmeal, cottonseed, and cottonseed oilmeal. Cotton lint 
demand is held constant for all limited fertilization solutions. 
Therefore, an increase in oilmeal exports is nearly all soybeans and 
soybean oilmeal. A total of 229.3 million acres is used in endogenous 
crop productions. Acreages and productions by farm production region 
are presented in Table 66. 
An increase of 5.0 million acres over the base solution is 
required to produce an additional 23.5 million bushels of wheat. A 
national wheat production of 1.8 billion bushels on 52.3 million acres 
results in a national yield of 35.0 bushels per acre. This yield is 
3.2 bushels less than the base solution yield. 
Corn production, 5.2 billion bushels, requires 69.9 million acres. 
Although the production is 55.7 million bushels less the base solution 
level, an additional 18.6 million acres are needed. The national yield 
is lowered from 102.9 bushels in the base solution to 74.8 bushels per 
Table 65. Net farm income by crop and farm production region for the 150 producing areas in 
Solution LW1C2S1 
Farm 
production 
region Wheat Corn 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)^ 
Northeast 37,281 134,809 27,270 6,889 0 206,249 
Appalachian 25,696 253,643 29,107 107,692 12,213 428,351 
Southeast 8,693 169,841 18,458 65,384 12,897 275,273 
Delta States 13,728 65,780 0 134,360 214,060 427,928 
Corn Belt 125,581 3,397,423 0 1,102,628 0 4,625,632 
Lake States 163,691 552,795 58,102 82,222 0 856,810 
Northern Plains 581,900 396,052 607,756 171,691 0 1,757,399 
Southern Plains 80,374 174,599 196,811 89,592 308,364 849,740 
Mountain 127,747 34,379 79,992 0 11,429 253,547 
Pacific 199,199 67,685 48,479 0 0 315,363 
United States 1,363,890 5,247,006 1,065,975 1,760,458 558,963 9,996,292 
E^xpressed in 1973 dollars. 
Table 66. Distribution of acreage and production for Solution 
LWlClSl.5 among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 1,411 57,969 2,115 158,977 
Appalachian 1,008 38,631 4,511 293,351 
Southeast 545 15,418 3,051 146,800 
Delta States 1,329 41,386 1,028 49,988 
Corn Belt 2,248 85,354 34,650 2,884,635 
Lake States 6,457 238,548 9,049 705,394 
Northern Plains 21,964 759,013 8,020 491,923 
Southern Plains 5,055 123,371 4,400 251,047 
Mountain 6,925 241,042 1,855 144,395 
Pacific 5,373 231,986 1,222 99,181 
United States 52,315 1,832,718 69,901 5,225,691 
I^ncludes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
N^ot needed in crops to meet specified domestic and export 
demands. 
W^hite Area acreage of 189 acres. 
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Other feed 
grains® Soybeans Cotton 
Land , 
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,329 46,845 189 5,391 0 0 
1,276 45,654 3,180 87,329 247 94 
612 19,416 3,931 103,347 436 702 
40 1,188 5,368 129,774 4,333 637 
610 20,437 31,593 979,544 82 0 
1,979 56,536 5,545 133,346 0 0 
16,971 822,051 6,449 162,359 0 3,578 
6,383 290,842 2,204 62,658 8,831 1,536 
3,862 146,498 _c 3 294 2,981 
1,274 51,168 0 0 17 0 
34,336 1,500,635 58,459 1,663,751 14,240 9,528 
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acre for this solution. The Corn Belt points out its comparative 
advantage with the highest regional yield, 83.3 bushels per acre, and 
55.2 percent of the national corn production. 
National yield for other feed grains declines to 43.7 corn-
equivalent bushels per acre, compared to 60.0 com-equivalent bushels 
per acre in the base solution. Total production is down 0.1 billion 
bushels from the base solution, but acres in other feed grain produc­
tion is increased by 8.1 million acres. 
Soybean production is concentrated in the Corn Belt with 1.0 
billion bushels of the national production, 1.7 billion bushels. The 
Corn Belt has the highest regional yield, 31.0 bushels per acre, while 
the national average is 28.5 bushels per acre. (A national yield of 
30.7 bushels per acre exists in the base solution.) All eight regions 
with soybean production activities in the linear programming model, 
except the Corn Belt, increase soybean production over base solution 
levels. 
The production of 7.0 billion pounds of cotton lint nationally 
requires 14.2 million acres. Compared to the base solution, the 
national yield falls by 40.5 pounds to 492.5 pounds of cotton lint 
per acre. The Corn Belt and Southern Plains regions have larger 
cotton acreages than in the base solution and are the only regions 
which have acreage changes from the base solution. 
Only 9.5 million acres of land available for crop production 
are not needed to produce the endogenous crops. The Northeast, Corn 
Belt, Lake States, and Pacific regions have totally utilized their 
available land supplies. In the base solution, unused acres are 
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present in all farm production regions, and the total unused land is 
59.6 million acres. 
Farm prices for Solution LWlClSl.5 and comparisons are presented 
in Table 67. The prices of corn, other feed grains, and soybeans 
increase roughly 50 percent over the base solution prices. Wheat and 
cotton prices are also higher than their base solution prices, but all 
crop prices are below 1973 crop-year prices. All livestock and 
livestock product prices lie between base solution prices and 1973 
Table 67. Farm prices under Solution LWlGlSl.5 (with oilmeal exports 
at 1.5 times the 1973 level and nitrogen application 
limited to 50 pounds per acre) and comparisons for 1973 
and the base solution (Solution WlClSl) 
Commodity Unit 
1973. 
price' 
1980 prices 
Base 
solution WlClSl.5 
Crops 
Wheat $/bushel 3.96 
Corn $/bushel 2.55 
Other feed grains $/bushel 1.90 
Soybeans $/bushel 7.69 
Cotton f/pound 44.6 
Livestock and 
1.56 
1.00 
1.06 
2.15 
31.6 
1.85 
1.50 
1.58 
3.27 
35.5 
livestock products 
Cattle $/cwt. 42.80 36.75 40.95 
Hogs $/cwt. 39.40 25.50 30.05 
Broilers <?/pound 24.0 14.9 17.7 
Lamb $/cwt. 35.10 28.46 31.01 
Turkeys ç/pound 34.8 23.5 27.9 
Eggs C/dozen 54.1 37.4 42.4 
Milk $/cwt. 7.14 5.57 6.25 
Sources: (26, 30). 
^Prices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
"Prices are expressed in dollars per bushel of corn equivalent. 
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feeding-year prices. Compared to the base solution, the cattle price 
is 11.4 percent higher, the hog price is 17.8 percent higher, and the 
broiler price is 18.8 percent higher. 
Fertilizer usage for the 150 producing areas is given in Table 68. 
Nitrogen application rates on wheat and soybeans are higher than 1973 
estimated rates. Cotton and corn have lower nitrogen application 
rates than 1973 estimates. Nitrogen usage on all endogenous crops 
in the 150 producing areas is 51.2 percent of the amount used in the 
base solution. Phosphorus and potassium usages are down 11.5 percent 
and 8.4 percent from the base solution, respectively. Corn produc­
tion uses 40.6 percent as much nitrogen as in the base solution. Soy­
bean production has a 62.3 percent increase in nitrogen usage over 
the base solution. 
As presented in Table 69, the per capita expenditure for specified 
farm-food products is $700.99, which represents a 3.7 percent increase 
over the base solution expenditure. Compared to the base solution, 
beef consumption is 5.2 percent lower, pork consumption is 2.6 percent 
lower, chicken consumption is 1.6 percent higher, and lamb consumption 
is 3.4 percent higher. 
Table 70 gives the net farm income in the 150 producing areas by 
crop and farm production region. The total, 7.2 billion dollars, is 
318.7 percent of the base solution total. Net farm income from 
soybean production increases by nearly 342 percent from the base 
solution level. 
Table 68. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution LWlClSl.5 and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/acre Tons Pounds/acre Tons Pounds/acre 
Crop used 1973a 1980 used 1973* 1980 used 1973a 1980 
(000) (000) (000) 
Wheat 889.1 30.2 35.1 325.8 7.5 12.9 305.3 5.1 12.1 
Corn 1,647.7 106.0 48.5 430.4 24.0 12.7 759.3 47.1 22.4 
Other feed 
grains^ 467.0 NA"" 30.3 119.6 NA*" 7.8 112.4 NA^ 7.3 
Soybeans 135.7 3.4 4.7 268.2 5.9 9.3 557.3 14.6 19.3 
Cotton 244.6 54.0 34.6 42.1 12.7 6.0 78.5 20.1 11.1 
All crops 3,384.1 1,186.1 1,812.8 
^Computed from estimates in Table 10 of Source (32). 
^Includes barley, oats, and grain sorghum. 
^Not available. 
Table 69. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution lWlClSl.5 
Per capita Retail price 
Commodity Unit consumption per unit^ Expenditure^ 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 85.2 1.29 109.91 
Pork (lbs. retail wt.) 69.8 .90 62.82 
Chicken (lbs. r.t.c. wt.) 57.5 .49 28.18 
Lamb (lbs. retail wt.) 3.0 1.30 3.90 
Turkey (lbs. r.t.c. wt.) 10.0 .65 6.50 
Eggs (number, incl. products) 285.0 .06 17.10 
Dairy (lbs., whole milk equiv.) 545.0 .15 81.75 
Total 310.16 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 700.99^ 
^In 1973 dollars. 
^Represents 14.2 percent of disposable income. The national expenditure totals 158.2 billion 
dollars. 
Table 70. Net farm income by crop and farm production region for the 150 producing areas in 
Solution LWlClSl.5 
Farm 
production 
region Wheat Corn 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)® 
Northeast 35,607 70,695 19,662 6,424 0 132,388 
Appalachian 22,119 135,377 24,764 115,226 10,545 308,031 
Southeast 5,109 59,984 8,774 104,211 14,392 192,470 
Delta States 19,625 20,832 0 141,945 184,815 367,217 
Com Belt 49,766 1,837,120 5,461 1,503,424 3,197 3,398,968 
Lake States 126,648 214,716 21,053 103,416 0 465,833 
Northern Plains 418,158 180,216 448,709 180,264 0 1,227,347 
Southern Plains 52,182 94,298 174,983 93,633 259,784 674,880 
Mountain 87,337 26,405 61,951 0 9,867 185,560 
Pacific 188,322 62,794 11,464 0 0 262,580 
United States 1,004,873 2,702,437 776,821 2,248,543 482,600 7,215,274 
Expressed in 1973 dollars. 
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Exports of Wheat, Corn, and Ollmeals at 0.9 Times 
the Trend (Solution LTREND0.9) 
Except for the first solution, previous solutions with limited 
fertilization have Increased the exports of one crop while holding 
other crop exports at 1973 levels. Solution LTREND0.9 combines 
limited fertilization and 0,9 times trend exports of wheat, com, 
and ollmeals. Comparisons are made with the base solution, Solution 
WlClSl. 
Solution LTREND0.9 also becomes the maximum production solution 
with trend fertilization. It utilizes 238.4 million acres for endogenous 
crop productions — a condition of full production from the standpoint 
of land use. (See Table 71.) Only 370,000 acres of land in the 
Southeast and Mountain regions are not used for crop production. The 
remaining eight farm production regions totally utilize all available 
cropland for endogenous crop production. 
National wheat production, 2.1 billion bushels, is 13.5 percent 
larger than In the base solution. Acres in wheat production Is 26.0 
percent above the base solution acreage. The national yield of 34.4 
bushels per acre Is 3.8 bushels less than in the base solution. All 
farm production regions have changed production levels from the base 
solution. A total of 26.3 million bushels of wheat is fed to livestock. 
Land needed for corn production Increases 25.2 million acres over 
the base solution to a total of 76.5 million acres. Com production 
Is 0.4 billion bushels above the base solution national production, 
and regional production Increases are present in the Northeast, Corn 
Belt, Lake States, and Mountain regions. The Corn Belt continues its 
Table 71. Distribution of acreage and production for Solution 
LTBEND0.9 among the 10 farm production regions 
Farm 
production 
region 
Wheat Corn 
Acres Production Acres Production 
(000) (000 bu.) (000) (000 bu.) 
Northeast 1,435 58,928 2,115 158,977 
Appalachian 1,059 39,707 4,651 301,935 
Southeast 581 16,544 3,599 164,577 
Delta States 1,859 54,490 1,219 59,450 
Com Belt 3,134 121,281 37,768 3,142,387 
Lake States 5,297 198,183 11,331 867,435 
Northern Plains 27,199 904,867 7,724 483,245 
Southern Plains 5,391 142,112 4,264 243,766 
Mountain 8,846 310,149 3,268 215,788 
Pacific 4,827 206,889 610 50,134 
United States 59,628 2,053,150 76,549 5,687,694 
^Includes barley, oats, and grain sorghum. Production is 
expressed in bushels of corn equivalent. 
^Not needed in crops to meet specified domestic and export 
demands. 
^White Area acreage of 189 acres. 
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Other feed 
grains® Soybeans Cotton 
Land ^ 
unused 
Acres Production Acres Production Acres Acres 
(000) (000 bu.) (000) (000 bu.) (000) (000) 
1,329 46,845 164 4,752 0 0 
1,202 42,846 3,157 86,763 247 0 
654 21,130 3,787 100,197 418 238 
41 1,211 5,177 125,722 4,439 0 
49 1,755 28,166 870,238 66 0 
1,588 46,024 4,814 119,425 0 0 
16,096 803,298 5,963 150,664 0 0 
7,931 307,689 2,898 85,928 7,926 0 
3,378 132,575 c 3 294 132 
2,148 98,118 0 0 300 0 
34,416 1,501,491 54,126 1,543,692 13,690 370 
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dominance with 55.2 percent of total production and the highest regional 
yield, 83.2 bushels per acre. Nationally, the corn yield has declined 
28.6 bushels per acre from the base solution to 74.3 bushels per acre. 
Other feed grain production utilizes 34.4 million acres to produce 
1.5 billion corn-equivalent bushels. As it slightly decreases produc­
tion from the base solution, the Northern Plains accounts for 53.5 
percent of the national production. The national yield of 43.6 corn-
equivalent bushels per acre is 27.3 percent lower than the base solu­
tion yield. 
Soybean production is 1.5 billion bushels, compared to 1.3 billion 
bushels in the base solution. Nearly 54 million acres are used for 
soybean production. The national yield of 28.5 bushels per acre is 
2.2 bushels lower than the base solution yield. Of the eight regions 
that can alter soybean productions, only the Corn Belt has cut produc­
tion from the base solution. Even with the 126.5 million bushel 
reduction, the Corn Belt accounts for 56.4 percent of the national 
soybean production. 
Cotton lint production uses 13.7 million acres. The national 
yield, 512.3 pounds per acre, is 20.7 pounds less than the base solu­
tion yield. Cotton acreages have increased over base solution levels 
in the Delta States, Corn Belt, Southern Plains, and Pacific regions. 
The single decrease in cotton acreages occurs in the Southeast. 
Table 72 gives the farm prices and comparisons with 1973 and the 
base solution. All crop prices for Solution LTREND0.9, except cotton 
and wheat, are at least double the base solution prices. Proportionately, 
other feed grains increase the most in price from the base solution. 
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Table 72. Farm prices under Solution LTREND0.9 (with exports of 
wheat, corn, and oilmeals at 0.9 times their trend levels 
and nitrogen application limited to 50 pounds per acre) 
and comparisons for 1973 and the base solution (Solution 
WlClSl) 
1980 prices 
1973 Base 
Commodity Unit prlce^ solution LTREND0.9 
Crops 
Wheat $/bushel 3.96 
Corn $/bushel 2.55 
Other feed grains $/bushel*^ 1.90 
Soybeans $/bushel 7.69 
Cotton (?/pound 44.6 
1.56 
1.00 
1.06 
2.15 
31.6 
3.04 
2.15 
2.58 
4.77 
40.0 
Livestock and 
livestock products 
Cattle $/cwt. 42.80 36.75 45.98 
Hogs $/cwt. 39.40 25.50 36.18 
Broilers 0/pound 24.0 14.9 21.0 
Lamb $/cwt. 35.10 28.46 34.07 
Turkeys ç/pound 34.8 23.5 33.1 
Eggs ç/dozen 54.1 37.4 48.4 
Milk $/cwt. 7.14 5.57 7.06 
^Sources: (26, 30). 
^Prices are expressed in 1973 dollars using the production 
expenses paid by farmers index. 
^Prices are expressed in dollars per bushel of corn equivalent. 
(A problem exists in comparing prices of other feed grains, because 
the mixes of oats, barley, and grain sorghum are not necessarily 
equal.) Soybeans is second in proportional price rises, going from 
$2.15 per bushel in the base solution to $4.77 per bushel for Solution 
LTREND0.9. Only the other feed grain price is higher than its 1973 
crop-year price. Livestock and livestock product prices are above 
base solution prices and near 1973 feeding-year prices. 
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Fertilizer usage for Solution LTREND0.9 is presented in Table 73. 
Total usages of the three primary nutrients are below base solution 
totals. Nitrogen application rates are also lower than base solution 
rates for all endogenous crops except soybeans. Compared to the base 
solution, nitrogen application rates on wheat, corn, other feed grains, 
and cotton decrease by 24.6 percent, 70.4 percent, 66.2 percent, and 
40.8 percent, respectively. Nitrogen application rates on wheat and 
soybeans are fairly close to the 1973 estimated rates. 
The total per capita expenditure for specified farm-foods increases 
from $676.06 in the base solution to $724.75 for Solution LTREND0.9, 
an increase of 7.2 percent. (See Table 74.) This expenditure repre­
sents 14.6 percent of disposable income. Per capita beef consumption 
is 10.9 percent less than the base solution consumption. Pork con­
sumption is cut 6.8 percent from the base solution level. Compared 
to the base solution, chicken consumption is up 3.9 percent and lamb 
consumption is increased by 6.9 percent. 
Net farm incomes by endogenous crop and farm production region 
are given in Table 75. (The White Area net farm incomes are not 
included in this table or similar tables, since their production 
levels are low compared to the productions in the 150 producing 
areas.) The total net farm income from endogenous crops increases 
15.1 billion dollars from the base solution level of 2.3 billion 
dollars. Corn production accounts for 38.3 percent of the total in 
Table 75. Soybeans and wheat production follow with 25.2 percent and 
19.9 percent, respectively. 
Table 73. Fertilizer use by crop and average application rates in the 150 producing areas for 
Solution LTREND0.9 and comparisons for 1973 
Nitrogen Phosphorus Potassium 
Tons Pounds/acre Tons Pounds/acre Tons Pounds/ acre 
Crop used 1973* 1980 used 1973® 1980 used 19733 1980 
(000) (000) (000) 
Wheat 988.1 30,2 34.1 387.6 7.5 13.4 331.7 5.1 11.4 
Corn 1,816.2 106.0 48.7 476.2 24.0 12.8 835.4 47.1 22.4 
Other feed 
grains^ 480.6 NA^ 31.1 118.0 NA^ 7.6 114.2 NA'^  7.4 
Soybeans 135.5 3.4 5.1 251.4 5.9 9.4 511.6 14.6 19.2 
Cotton 243.4 54.0 35.8 42.1 12.7 6.2 86.9 20.1 12.8 
All crops 3,663.8 1,275.3 1,879.8 
^Computed from estimates in Table 10 of Source (32). 
^Includes barley, oats, and grain sorghum. 
^Not available. 
Table 74. Retail prices, per capita consumptions, and per capita expenditures for specified farm-
food products in 1980 under Solution LTREND0.9 
Per capita Retail price 
Commodity Unit consumption per unit^ Expenditure^ 
Livestock and 
livestock products 
Beef (lbs. retail wt.) 80.1 1.40 112.14 
Pork (lbs. retail wt.) 66.8 1.03 68.80 
Chicken (lbs. r.t.c. wt.) 58.8 .54 31.75 
Lamb (lbs. retail wt.) 3.1 1.38 4.28 
Turkey (lbs. r.t.c. wt.) 10.0 .72 7.20 
Eggs (number, incl. products) 285.0 .06 17.10 
Dairy (lbs., whole milk equiv.) 545.0 .17 92.65 
Total 333.92 
Fruits and vegetables 152.75 
Bakery products 76.13 
Grain mill products 27.80 
Miscellaneous 134.15 
Average total consumer expenditure 724.75 
^In 1973 dollars. 
^Represents 14.6 percent of disposable income. The national expenditure totals 163.6 billion 
dollars. 
Table 75. Net farm Income by crop and farm production region for the 150 producing areas in 
Solution LTREND0.9 
Farm 
production 
region Wheat Com 
Other feed 
grains Soybeans Cotton Total 
(1,000 dollars)® 
Northeast 101,605 161,540 50,305 13,343 0 326,793 
Appalachian 55,693 319,212 58,203 237,853 17,021 687,982 
Southeast 24,205 173,681 30,777 254,175 22,266 505,104 
Delta States 86,325 61,937 17 313,635 303,481 765,395 
Com Belt 214,328 4,234,610 1,521 2,626,758 4,141 7,081,358 
Lake States 342,098 819,128 63,194 310,922 0 1,535,342 
Northern Plains 1,526,595 500,453 1,276,492 395,930 0 3,699,470 
Southern Plains 241,642 201,381 391,396 235,674 385,335 1,455,428 
Mountain 460,716 140,568 120,315 0 15,928 737,527 
Pacific 409,904 52,291 111,819 0 30,476 604,490 
United States 3,463,111 6,664,801 2,104,039 4,388,290 778,648 17,398,889 
^Expressed in 1973 dollars. 
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CHAPTER VIII. SUMMARY 
This study analyzes the interactions of fertilizer usage and 
crop exports in American agriculture for 1980. Crops included in 
the analysis are wheat for grain, corn for grain, soybeans for grain, 
cotton, and other feed grains. (Other feed grains is a combination 
of barley, oats, and grain sorghum.) Two levels of fertilization 
are incorporated into a linear programming model which meets crop 
demands while minimizing production and transportation costs. 
One fertilization level is based on trends in the use of this 
input. Linear regressions are used to estimate both the percentage 
of acres receiving any fertilizer and the application rates on these 
fertilized acres in 1980. Model solutions based on these conditions 
are called trend fertilization solutions and furnish data which show 
the results of high fertilizer applications. The other fertilization 
level, nitrogen application rates limited to 50 pounds per acre, is 
used to show the effects of restricting fertilizer application rates 
as a result of limited fertilizer supplies or environmental concerns 
over water pollution. Model solutions based on this restricted 
fertilization level are called limited fertilization solutions. 
Eleven solutions are presented. Six solutions use the trend 
fertilization level as exports of wheat, com, and oilmeals are varied. 
The five limited fertilization solutions also have alternative export 
levels of wheat, corn, and oilmeals. Exports of cotton lint and other 
feed grains are held at 1973 levels for all 11 solutions. Solutions 
are assigned names which describe their fertilization level and export 
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levels of corn, wheat, and oilmeals. An explanation of solution names 
is contained in Chapter II and Table 8 gives the export levels. 
Each solution has a discussion of variables which are considered 
important in the analysis. Productions and acreages of the endogenous 
crops are reported by farm production region. Supply prices generated 
by the linear programming model are used for national crop prices. 
National livestock and livestock product prices are linked to prices 
of corn and soybeans. Fertilizer usage and application rates for the 
endogenous crops in the 150 producing areas are specified on a national 
level. Consumer expenditures for specified farm-foods show the effects 
of alternative agricultural scenarios on the nonfarm population. Net 
farm incomes by endogenous crop and farm production region are also 
included in each solution. Comparisons of most of these variables 
with 1973 levels and the base solution. Solution WlClSl, are contained 
in each discussion. 
Supply prices generated by the linear programming model are the 
crop prices needed by farmers to cover all nonland production costs 
in meeting specified crop demands. Land costs are not included in 
production costs, but the linear programming model imputes land values 
that are reflected in supply prices. Larger crop demands increase 
supply prices as less productive land is brought under cultivation 
and the imputed land values increase on the better quality land. 
This study is not predicting absolute price levels in 1980. 
Supply prices used as crop prices are rarely equal to market equilibrium 
prices. Livestock and livestock product prices are based on the supply 
prices of corn and soybeans, and they do not reflect oversupplies 
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or undersupplies. Crop and livestock prices for 1980 are best used 
as relative prices. 
National statistics for the trend fertilization solutions are 
given in Table 76. All endogenous crops have their lowest prices for 
Solution WlClSl and their highest prices for Solution TRENDl.2. A 
crop price increases as the result of an increase in its export or 
larger exports of another crop. The crop prices appear low compared 
to recent years, but remember they are expressed in 1973 dollars and 
result from minimizing production and transportation costs. 
Also shown in Table 76, trend fertilization results in rather 
stable yields as more acres are used in response to larger crop demands. 
Cotton yields stay in the 520-535 pound range, except for Solution 
TRENDl.2. In this solution, production has shifted to the West where 
higher yields exist. Harvested acres and production uses are also 
given for each endogenous crop. 
National statistics for solutions using limited fertilization 
are presented in Table 77. When comparing Tables 76 and 77, the 
changes in yields and crop prices are substantial when fertilizer 
usage is restricted. Equal crop export levels and nearly equal 
domestic uses are present for Solutions WiClSl and LWlClSl. Compared 
to Solution WlClSl, the Solution LWlClSl wheat price is 7.1 percent 
higher, the corn price is 29.0 percent higher, and the soybean price 
is 13.5 percent higher. Solutions WlC2Sl and LW1C2S1 have the same 
crop exports and nearly equal domestic demands. Of these two solu­
tions, the limited fertilization x^eat price is 28.8 percent higher. 
Table 76. National farm prices, productions, acreages, and yields of crops produced with trend 
fertilization in 1980 
Price Yield 
Model per Production uses Harvested per 
solution Commodity Unit unit^ Domestic Export" Total acres acre 
(1,000,000 units) (000) (units) 
WlClSl Wheat bushel 1.56 660 1,149 1,809 47,332 38.2 
Com bushel 1.00 4,056 1,225 5,281 51,302 102.9 
Other feed grains c.e.b.c 1.06 1,261 311 1,572 26,211 60.0 
Soybeans bushel , 2.15 476 788 1,264 41,161 30.7 
Cotton lint bale, lb. 31.6 8 6 14 13,174 533.0 
W2C1S1 Wheat bushel 1.74 671 2,298 2,969 84,451 35.2 
Com bushel 1.05 4,090 1,225 5,315 52,085 102.0 
Other feed grains c.e.b. 1.17 1,260 311 1,571 26,584 59.1 
Soybeans bushel 2.30 475 788 1,263 41,646 30.3 
Cotton lint bale, lb. 31.9 8 6 14 13,213 531.4 
W1C2S1 Wheat bushel 1.60 660 1,149 1,809 47,847 37.8 
Corn bushel 1.08 4,047 2,450 6,497 63,761 101.9 
Other feed grains c.e.b. 1.08 1,258 311 1,569 25,474 61.6 
Soybeans bushel 2.32 474 788 1,262 42,822 29.5 
Cotton lint bale, lb. 31.3 8 6 14 13,174 533.0 
^All prices are expressed in 1973 dollars. 
^Soybean exports include a very small amount of cottonseed and cottonseed oilmeal. 
^Other feed grains is a combination of oats, barley, and grain sorghum. Quantities are measured 
in corn-equivalent bushels (c.e.b.). 
^Cotton lint prices and yields are expressed by pounds. Production uses are measured in bales 
of 500 pounds of lint. 
Table 76. Continued 
Model 
solution Commodity Unit 
Price 
per 
unit 
Production uses 
Domestic Export^ Total 
Harvested 
acres 
Yield 
per 
acre 
(1,000,000 units) (000) (units) 
W1C1S2 Wheat bushel 1.70 623 1,149 1,772 47,988 36.9 
Corn bushel 1.18 4,059 1,225 5,284 52,248 101.1 
Other feed grains c.e.b. 1.15 1,250 311 1,561 24,808 62.9 
Soybeans bushel 3.07 504 1,576 2,080 73,279 28.4 
Cotton lint bale, lb. 31.7 8 6 14 13,449 522.1 
TRENDl.O Wheat bushel 1.79 640 1,553 2,193 60,372 36.3 
Corn bushel 1.17 4,069 1,963 6,032 59,393 101.6 
Other feed grains c.e.b. 1.15 1,253 311 1,564 24,804 63.0 
Soybeans bushel 2.72 490 1,201 1,691 59,206 28.6 
Cotton lint bale, lb. 31.6 8 6 14 13,456 521.8 
TKENDl.2 Wheat bushe1 3.39 649 1,864 2,513 72,887 34.5 
Corn bushel 1.95 3,929 2,356 6,285 62,483 100.6 
Other feed grains c.e.b. 2.14 1,215 311 1,526 23,954 63.7 
Soybeans bushe1 5.64 551 1,441 1,992 67,372 28.5 
Cotton lint bale, lb. 40.2 8 6 14 11,714 599.5 
Table 77. National farm prices, productions, acreages, and yields of crops produced with nitrogen 
application rates limited to 50 pounds per acre in 1980 
Price Yield 
Model per Production uses Harvested per 
solution Commodity Unit unit Domestic Export Total acres acre 
(1,000,000 units) (000) (units) 
LWlClSl Wheat bushel 1.67 699 1,149 1,848 50,838 36.3 
Corn bushel 1.29 4,023 1,225 5,248 70,076 74.9 
Other feed grains c.e.b.c 1.40 1,199 311 1,510 34,242 44.1 
Soybeans bushel , 2.44 471 788 1,259 43,381 29.0 
Cotton lint bale, lb. 34.2 8 6 14 14,303 490.3 
LW1.5C1S1 Wheat bushel 2.07 689 1,723 2,412 69,107 34.9 
Com bushel 1.50 4,014 1,225 5,239 69,475 75.4 
Other feed grains c.e.b. 1.70 1,201 311 1,512 34,233 44.2 
Soybeans bushel 3.00 465 788 1,253 43,691 28.7 
Cotton lint bale, lb. 35.5 8 6 14 14,191 494.2 
^All prices are expressed in 1973 dollars. 
^Soybean exports include a very small amount 
^Other feed grains is a combination of oats, 
in corn-equivalent bushels (c.e.b.). 
^Cotton lint prices and yields are expressed 
of 500 pounds of lint. 
of cottonseed and cottonseed oilmeal. 
barley, and grain sorghum. Quantities are measured 
by pounds. Production uses are measured in bales 
Table 77. Continued 
Price Yield 
Model per Production uses Harvested per 
solution Commodity Unit unit Domestic Export Total acres acre 
(1,000,000 units) (000) (units) 
LW1C2S1 Wheat bushel 2.06 668 1,149 1,817 51,074 35.6 
Com bushel 1.80 3,977 2,450 6,427 88,550 72.6 
Other feed grains c.e.b. 1.82 1,186 311 1,497 35,581 42.1 
Soybeans bushel 3.29 460 788 1,248 43,525 28.7 
Cotton lint bale, lb. 36.6 8 6 14 14,295 490.6 
LWlClSl.5 Wheat bushel 1.85 684 1,149 1,833 52,315 35.0 
Com bushel 1.50 4,001 1,225 5,226 69,901 74.8 
Other feed grains c.e.b. 1.58 1,190 311 1,501 34,336 43.7 
Soybeans bushel 3.27 482 1,182 1,664 58,459 28.5 
Cotton lint bale, lb. 35.5 8 6 14 14,240 492.5 
LTEEND0.9 Wheat bushel 3.04 655 1,398 2,053 59,628 34.4 
Corn bushel 2.15 3,921 1,767 5,688 76,549 74.3 
Other feed grains c.e.b. 2.58 1,190 311 1,501 34,416 43.6 
Soybeans bushel 4.77 463 1,081 1,544 54,126 28.5 
Cotton lint bale, lb. 40.0 8 6 14 13,690 512.3 
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the corn price is 66.7 percent higher, and the soybean price is 41.8 
percent higher. 
Under the limited fertilization level, exports of either wheat 
or oilmeals at twice the 1973 level and trend exports could not be 
achieved unless livestock consumptions were cut drastically. Hence, 
limited fertilization solutions for wheat and soybeans at increased 
levels use a factor of 1.5 instead of 2. The trend exports of wheat, 
corn, and oilmeals use a factor of 0.9 instead of 1.0 or 1.2. 
Even though the export levels are modified downward, substantial 
crop price increases occur when fertilizer usage is limited. Com­
paring Solutions W2ClSl and LW1.5C1S1, the latter solution has a wheat 
price that is 19.0 percent higher, a corn price that is 42.9 percent 
higher, and a soybean price that is 30.4 percent higher. Even with 
a smaller export of soybeans. Solution LWlClSl.5 has an 8.8 percent 
higher wheat price, a 27.1 percent higher corn price, and a 6.5 percent 
higher soybean price than the corresponding price levels in Solution 
WlCiS2. When Solutions TREND1.0 and LTREND0.9 are compared, the wheat, 
corn, and soybean prices of the latter are 69.8 percent, 83.8 percent, 
and 75.4 percent higher than the corresponding prices in Solution 
TREND1.0, respectively. 
Decreasing the amount of fertilizer usage has resulted in 
higher crop (supply) prices. Part of the increase is due to higher 
nonland production costs per unit of yield. In addition, the assigned 
values of land from the linear programming model increase as more 
land is brought into production. Harvested acres of the endogenous 
crops for the limited fertilization solutions are contained in Table 77. 
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Livestock and livestock product prices and consumer food costs 
differ among the 11 solutions (see Table 78). Both categories are 
more stable for the trend fertilization solutions than for the limited 
fertilization solutions. 
Fertilizer usages and application rates are given in the dis­
cussion of each solution and in Appendix C. Hence, these numerous 
figures will not be repeated in this summary. Trend fertilization 
for corn and wheat results in much higher application rates than the 
estimated rates for 1973. When nitrogen application rates are limited 
to 50 pounds per acre, nitrogen uses for corn, other feed grains, and 
cotton are affected the most. 
In two sets of export levels, nearly equal crop demands can be 
met by either fertilization level. Solutions WlClSl and LWlClSl have 
nearly the same crop production levels, but the latter uses 48.8 per­
cent less nitrogen, 17.1 percent less phosphorus, and 13.6 percent 
less potassium. While Solutions W1C2S1 and LW1C2S1 have nearly 
identical crop productions, Solution LW1C2S1 uses 50.3 percent less 
nitrogen, 19.9 percent less phosphorus, and 21.2 percent less potassium. 
The limited fertilization solutions increase land usage while decreas­
ing fertilizer usage in meeting crop demands. 
An explanation of production location changes is included in the 
discussion of each solution. The base solution, Solution WlClSl, is 
used for comparisons. Indications of the changes in production loca­
tions are summarized in Tables 79 and 80, Table 79 lists the produc­
tion location changes for the trend fertilization solutions, and 
Table 80 gives the same information for limited fertilization solutions. 
Table 78. National livestock prices and per capita food costs under alternative export levels 
and fertilizer usage in 1980& 
Model 
solution 
Farm prices of Food costs 
per capita Beef Pork Lamb Broilers Turkeys Eggs Milk 
($/cwt.) (O/Ib.) (o/doz.) ($/cwt.) ($) 
Trend fertilization solutions 
WlClSl 36.75 25.50 28.46 14.9 23.5 37.4 5.57 676.06 
W2C1S1 37.20 26.04 28.74 15.3 24.0 38.0 5.65 677,55 
W1C2S1 37.41 26.27 28.86 15.4 24.2 38.2 5.68 684.16 
W1C1S2 38.70 27.98 29.76 16.6 26.0 40.3 5.94 688.26 
TBENDl.O 38.34 27.42 29.47 16.1 25.3 39.5 5.85 686.67 
TKEND1.2 45.72 36.38 34.19 21.8 34.0 49.4 7.15 724.12 
Limited fertilization solutions 
LWlClSl 38.89 27.82 29.67 16.0 25.4 39.6 5.88 687.52 
LW1.5C1S1 40.73 29.99 30.81 17.3 27.4 41.9 6.18 697.58 
LW1C2S1 42.93 32.37 32.07 18.5 29.4 44.1 6.50 705.39 
LWlClSl.5 40.95 30.05 31.01 17.7 27.9 42.4 6.25 700.99 
LTREND0.9 45.98 36.18 34.07 21.0 33.1 48.4 7.06 724.75 
^All prices and costs are expressed in 1973 dollars. 
Table 79. Production location changes based on Solution WlCiSl for 
the trend fertilization solutions® 
Production level 
by farm production region 
Model North- Appa- South- Delta 
solution Crop east lachian east States 
WiClSl Wheat 100 100 100 100 
(base Corn 100 100 100 100 
solution) Other feed grains 100 100 100 100 
Soybeans 100 100 100 100 
Cotton _b 100 100 100 
W2C1S1 Wheat 100 193 4,194 180 
Corn 181 100 100 100 
Other feed grains 88 83 138 100 
Soybeans 2 ,296 76 126 138 
Cotton - 100 100 100 
W1C2S1 Wheat 100 100 100 100 
Corn 181 107 124 100 
Other feed grains 88 67 100 100 
Soybeans 2 ,296 108 131 174 
Cotton - 100 100 100 
W1C1S2 Wheat 88 122 2,376 72 
Corn 181 113 123 43 
Other feed grains 69 25 100 100 
Soybeans 8 ,573 126 244 259 
Cotton - 100 1 100 
TRENDl.O Wheat 100 122 2,376 113 
Corn 181 113 124 102 
Other feed grains 88 31 138 100 
Soybeans 2 ,296 123 224 196 
Cotton - 100 28 100 
TRENDl.2 Wheat Ill 127 4,197 95 
Com 181 111 114 100 
Other feed grains 49 20 10 100 
Soybeans 5, 529 140 274 229 
Cotton - 100 14 102 
^Found by dividing productions 
Cotton numbers are based on acres, 
more are reflected in the numbers. 
by productions in Solution WiClSl. 
Only changes of 0.5 percent or 
^Bars indicate no production. 
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Com Lake Northern Southern United 
Belt States Plains Plains Mountain Pacific States 
100 
100 
100 
100 
100 
190 
99 
158 
98 
100 
93 
135 
2 
87 
100 
56 
91 
93 
132 
100 
95 
117 
93 
106 
100 
57 
113 
2 
117 
100 
100 
100 
100 
100 
145 
100 
118 
165 
107 
120 
96 
214 
114 
99 
55 
589 
132 
111 
68 
448 
147 
118 
32 
564 
100 
100 
100 
100 
184 
101 
97 
1 
91 
106 
102 
250 
97 
109 
98 
952 
120 
103 
102 
795 
162 
135 
95 
796 
100 
100 
100 
100 
100 
350 
100 
98 
100 
100 
189 
110 
113 
100 
100 
243 
99 
135 
125 
109 
298 
105 
121 
116 
108 
356 
125 
160 
170 
76 
100 
100 
100 
100 
100 
121 
131 
100 
100 
100 
100 
99 
100 
100 
100 
90 
131 
117 
100 
100 
119 
143 
100 
100 
100 
152 
159 
138 
100 
100 
100 
100 
100 
100 
103 
79 
111 
100 
100 
100 
100 
100 
100 
107 
100 
259 
101 
109 
97 
100 
102 
92 
63 
4,224 
100 
100 
100 
100 
100 
164 
101 
100 
100 
100 
100 
123 
100 
100 
100 
98 
100 
99 
165 
102 
121 
114 
99 
134 
102 
139 
119 
97 
152 
89 
Table 80. Production location changes based on Solution WlClSl for 
the limited fertilization solutions® 
Production level 
by farm production region 
Model North­ Appa­ South­ Delti 
solution Crop east lachian east State! 
WiClSl Wheat 100 100 100 100 
(base Com 100 100 100 100 
solution) Other feed grains 100 100 100 100 
Soybeans 100 100 100 100 
Cotton _b 100 100 100 
LWlClSl Wheat 68 70 8,030 100 
Corn 242 83 69 70 
Other feed grains 96 73 437 90 
Soybeans 159 105 138 192 
Cotton - 100 106 100 
LW1.5C1S1 Wheat 80 75 9,382 131 
Com 211 78 58 71 
Other feed grains 85 73 436 90 
Soybeans 2 , 2 9 6  117 185 192 
Cotton - 100 177 100 
LW1C2S1 Wheat 51 62 8,030 40 
Corn 277 86 84 118 
Other feed grains 85 67 436 90 
Soybeans 2,296 105 134 228 
Cotton - 100 78 100 
LWlClSl.5 Wheat 66 70 8,030 67 
Corn 242 75 53 53 
Other feed grains 85 73 270 90 
Soybeans 2,604 126 246 242 
Cotton - 100 100 100 
LTREND0.9 Wheat 68 72 8,617 88 
Corn 242 77 60 63 
Other feed grains 85 69 293 92 
Soybeans 2,296 125 238 234 
Cotton - 100 96 102 
^Found by dividing productions by productions in Solution WiClSl. 
Cotton numbers are based on acres. Only changes of 0.5 percent or 
more are reflected in the numbers. 
^Bars indicate no production. 
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Corn Lake Northern Southern United 
Belt States Plains Plains Mountain Pacific States 
100 100 100 100 100 100 100 
100 100 100 100 100 100 100 
100 100 100 100 100 100 100 
100 100 100 100 100 - 100 
100 - - 100 100 100 100 
94 108 102 161 97 109 102 
123 103 45 96 139 82 99 
155 110 91 98 111 65 96 
77 213 701 108 100 - 100 
100 - - 114 100 100 109 
113 146 154 221 122 101 133 
122 122 43 90 166 82 99 
76 90 95 98 113 89 96 
76 266 454 113 100 - 99 
100 - - 109 100 100 108 
61 88 125 193 105 97 100 
136 204 65 104 187 82 122 
2 68 92 97 160 102 95 
72 228 795 108 100 - 99 
100 - - 116 100 100 109 
35 103 125 193 99 109 101 
113 157 50 95 165 82 99 
76 47 101 98 138 65 95 
98 451 857 116 100 - 132 
8,200 - - 113 100 100 108 
49 86 149 222 127 97 113 
123 193 49 92 246 41 108 
6 38 98 103 125 125 95 
87 404 795 159 100 - 122 
6,600 - - 101 100 1,765 104 
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Both of these tables use Solution WlClSl as the basis for comparisons 
(Solution WlClSl = 100). Except for cotton which is based on acres, 
all endogenous crops have production location changes determined by 
productions. Only changes of 0,5 percent or more are reflected in 
the numbers contained in both tables. 
Solution W2C1S1 has 64 percent more wheat production than in 
the base solution. Except for the Northeast, all farm production 
regions have larger wheat productions than in the base solution. 
National corn production increases 1 percent over the base solution, 
but large percentage changes in corn production occur in the Northeast, 
Mountain, and Pacific regions. Although total soybean production 
does not vary significantly from the base solution, large percentage 
changes from the base solution exist in all regions except the Corn 
Belt, Southern Plains, Mountain, and Pacific. (Soybean productions 
in the Mountain and Pacific regions are the same for all 11 solutions, 
because they are not affected by the change in fertilization levels, 
and the linear programming model does not contain soybean production 
activities in either region.) 
The national corn production is the only national production in 
Solution WlC2Sl that differs significantly from the base solution. 
Except for the Delta States and Pacific, all regions change corn produc­
tion levels from the base solution. Compared to the base solution, 
large wheat production changes occur in the Corn Belt, Lake States, 
Northern Plains, and Southern Plains. Soybean productions over base 
solution levels are present in all farm production regions except the 
Com Belt, Southern Plains, Mountain, and Pacific. 
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Solution WlClS2 has 65 percent more soybean production than in 
the base solution. Ail eight farm production regions with soybean 
production activities in the linear programming model have higher 
soybean productions than in the base solution. National productions 
of wheat, corn, and other feed grains do not differ greatly from the 
base solution, but large changes occur among the farm production 
regions. Cotton acreage changes in the Southeast, Southern Plains, 
and Pacific regions lead to an overall increase in acres devoted to 
cotton production. 
Solutions TRENDl.O and TRENDl.2 have most of the farm production 
regions with different production levels of the endogenous crops than 
are present in the base solution. Crop productions in a farm produc­
tion region are relatively free to adjust to changes in the exports of 
wheat, corn, and oilmeals and the varying domestic crop demands. No 
acreage restraints based on historical acreages of the endogenous 
crops are used in the study so crop production locations can easily 
move among farm production regions. 
The limited fertilization solutions also have many changes in 
production locations of the endogenous crops (see Table 80). Solution 
LWlClSl has a higher national production of wheat than in the base 
solution, which indicates more wheat is fed to livestock. Wheat 
production levels over the base solution occur in the Southeast, 
Lake States, Northern Plains, Southern Plains, and Pacific regions. 
Although national corn production is slightly less than in the base 
solution, regional corn productions over base solution levels exist 
in the Northeast, Corn Belt, Lake States, and Mountain regions. 
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The only soybean production decrease from the base solution occurs 
in the Corn Belt, where production is cut 23 percent. Cotton acreages 
in the Southeast and Southern Plains are larger than in the base 
solution. 
Although national wheat production in Solution LWl.SClSl is 33 
percent above the base solution level, the Northeast and Appalachian 
regions have lower wheat production than in the base solution. 
National com production is slightly less than in the base solution, 
but all farm production regions have substantial changes from the 
base solution. Except for the Mountain and Pacific regions, soybean 
productions also change slightly on the national level, but significantly 
on the regional level. Cotton acreage in the Southeast is 77 percent 
larger than in the base solution. 
Solution LW1C2S1 has a 22 percent higher corn production than in 
the base solution, but four producing regions have less corn produc­
tion than in the base solution. National productions of wheat and 
soybeans are close to base solution productions, but nearly all farm 
production regions change production levels drastically from those 
in the base solution. Compared to the base solution, cotton acreage 
increases in the Southern Plains, while decreasing in the Southeast. 
Solutions LWlClSl.5 and LTSEND0.9 have significant production 
location changes from the base solution — both on national and farm 
production region levels. One of the more interesting changes in 
these solutions is the increased cotton acreages in the Corn Belt. 
Missouri harvests 81,848 acres of cotton in Solution LWlClSl.5 and 
harvests 65,775 acres in Solution LTREND0.9. 
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For each solution, net farm incomes from endogenous crop produc­
tions in the 150 producing areas are reported by farm production 
region. These net farm incomes are returns to both land and manage­
ment. Caution should be taken when comparing these incomes, since the 
imputed land values generated by the linear programming model have a 
great impact on net farm income levels from crops. 
Table 81 summarizes gross and net farm incomes from endogenous 
crop productions in the 150 producing areas and domestic livestock 
Table 81. Gross and net farm incomes under alternative solutions 
for this study 
Crop Livestock Total 
Model incomes^ incomes^ incomes 
solution Gross Net Gross Net Gross Net 
(million dollars)^ 
Trend fertilization solutions 
WlClSl 14,273 2,264 37,233 2,234 51,506 4,498 
W2C1S1 17,258 3,527 37,703 2,262 54,961 5,789 
W1C2S1 16,279 3,037 37,884 2,273 54,163 5,310 
W1C1S2 20,807 5,303 39,332 2,360 60,139 7,663 
TRENDl.O 19,103 4,827 38,839 2,330 57,942 7,157 
TREND1.2 36,808 21,423 45,912 2,755 82,720 24,178 
Limited fertilization solutions 
LWICISI 16,957 4,198 39,088 2,345 56,045 6,543 
LW1.5C1S1 21,092 7,402 40,823 2,449 61,915 9,851 
LW1C2S1 23,996 9,996 42,632 2,558 66,628 12,554 
LWICISI.5 20,975 7,215 41,092 2,466 62,067 9,681 
LTREND0.9 31,660 17,399 45,563 2,734 77,223 20,133 
^From crops grown in the 150 producing areas. 
^From livestock included in the study. Does not include the 
value of wool. 
'^Expressed in 1973 dollars. 
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productions included in the study. These national figures indicate 
that lower fertilizer application rates have a profound effect on 
net farm income from endogenous crop production. In addition, net 
farm income from livestock production in the United States is greatly 
affected by crop price increases when these increases are passed on 
to consumers. 
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APPENDIX A. 
ESTIMATION OF GROSS AND NET FARM INCOME 
The discussion of each model solution contains an account of the 
net farm income from the endogenous crops produced in the 150 producing 
areas. National gross and net farm incomes from crops and livestock 
included in the study are summarized in Table 81. This appendix 
provides an explanation of the methods which are used to calculate 
gross and net farm incomes for the 11 solutions. 
National gross farm income of a grain crop equals the total 
production times the national average price. A national average 
price is determined from the weighted shadow prices generated by the 
linear programming model for the 31 consuming regions. The weights 
used are the production quantities in the consuming regions. Cotton 
lint prices can only be determined on the national level because of 
the national demand equation. The national price of cotton lint is 
the shadow price of the national cotton lint demand equation. On a 
national level, the gross farm income for cotton lint equals its 
shadow price times the national production of cotton lint. 
Net farm incomes from endogenous crops are reported for the 10 
farm production regions. Production costs of a grain crop in a farm 
production region is the summation over nonland production costs in the 
producing areas within the farm production region. For a grain crop, 
the total revenue in a farm production region is the summation over 
the total revenues in the consuming regions contained in the farm 
production region. A consuming region's total revenue equals its 
production times the corresponding shadow price. Net farm income 
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of a grain crop in a farm production region is the total revenue minus 
the nonland production costs in the farm production region. 
The national cotton lint demand equation has made it necessary 
to use a different method to determine net farm income for cotton by 
farm production region. After calculating the national gross farm 
income for cotton lint, the nonland production expenses are summed to 
give a national total. National gross income minus total nonland 
production expenses gives the national net farm income from cotton 
lint production. Dividing this net farm income by the national produc­
tion results in the net farm income per unit of production. The net 
^arm income in a farm production region equals the net farm income 
per unit of production times the amount of cotton lint production in 
the farm production region. 
Gross farm incomes from livestock and livestock products included 
in the study equal national productions times their national average 
prices. National average prices are determined from Equations 3.12 
through 3.20 in Chapter III. Net farm incomes for livestock and 
livestock products are set at 6 percent of the gross farm incomes. 
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APPENDIX B. 
ESTIMATION OF CONSUMER FOOD COSTS 
Per capita consumptions of beef and veal, pork, lamb and mutton, 
and broilers are estimated from Equations 3.1 to 3.4 in Chapter III. 
Per capita consumptions of turkey, eggs, and dairy products are held 
constant throughout the analysis. The retail prices of these seven 
livestock products depend on the farm prices of each and their 1973 
farm-to-retail price spreads. Consumer food costs for livestock 
products in 1980 are determined as follows: 
CEi = (PC^) (FP^ + FR_) (i = 1, ..., 7) (B.l) 
where : 
CE^ is the per capita expenditure for the i-th livestock product 
in 1973 dollars; 
PC^ is the per capita consumption of the i-th livestock product; 
FP^ is the farm price of the i-th livestock product in 1973 
dollars; and 
FR^ is the farm-to-retail price spread in 1973 for the i-th 
livestock product. 
Expenditures for fruits and vegetables, bakery products, grain 
mill products, and miscellaneous are held at specified levels through­
out the study. Per capita consumptions of the grains included in the 
last three categories are set at the levels specified in Chapter III. 
Higher crop prices clearly add to the retail costs of the bakery 
products, grain mill products, and miscellaneous. The farm values 
of the crops included in these three categories are low. Therefore, 
per capita expenditures of the four categories are the same for all 
11 model solutions without a significant loss in accuracy. 
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The 1980 per capita expenditures for fruits and vegetables, 
bakery products, grain mill products, and miscellaneous are determined 
from the following equation: 
CEj = CEjgg (1 + 14 * ACEj) (j = 1, 4) (B.2) 
where: 
CEj is the per capita expenditure for the j-th commodity group 
expressed in 1973 dollars; 
CEjgg is the per capita expenditure for the j-th commodity group 
in 1966 expressed in 1973 dollars; 
14 is the number of years from 1966 to 1980; and 
ACEj is the average percentage change in consumer expenditure from 
1960 to 1971 (33). 
Total food costs on a per capita basis are the summation of the 
seven livestock product expenditures resulting from Equation B.l and 
the four food category expenditures determined from Equation B.2. 
National food costs are calculated by multiplying the per capita 
total food costs by the projected resident population of the continental 
United States in 1980. Per capita food expenditures divided by the 
estimated per capita disposable income in 1980 gives the percentage 
of disposable income that is spent on specified farm-food products. 
The per capita disposable income expressed in 1973 dollars is $4,953.60. 
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APPENDIX C. 
FERTILIZER USAGES FOR THE FARM PRODUCTION REGIONS 
Table 82. Nitrogen usage by farm production region for crops 
trend fertilization 
in the 150 producing areas under 
Farm production Nitrogen usage by solution 
region WlClSl W2C1S1 W1C2S1 W1C1S2 TRENDl.O TREND1.2 
(1,000 short tons) 
Northeast 57.8 70.2 70.2 60.8 70.2 69.8 
Appalachian 365.5 388.4 381.4 393.7 398.1 389.0 
Southeast 280.5 289.1 349.9 345.1 351.5 328.3 
Delta States 360.6 405.3 364.1 308.1 374.7 371.3 
Com Belt 1,908.1 2,090.7 2,584.2 1,809.9 2,223.2 2,190.1 
Lake States 413.6 468.3 482.5 433.6 495.0 557.5 
Northern Plains 1,947.1 2,189.2 1,969.4 1,996.6 2,063.2 2,374.7 
Southern Plains 908.1 1,030.1 1,039.7 1,110.3 1,109.4 1,256.2 
Mountain 188.9 246.0 188.6 199.3 248.8 337.1 
Pacific 182.3 175.9 182.3 194.3 191.5 226.8 
United States^ 6,612.2 7,353.2 7,612.2 6,851.4 7,525.4 8,100.9 
^Totals may not equal the summations over regions because of rounding. 
Table 83. Phosphorus usage by farm production region for crops in the 150 producing areas under 
trend fertilization 
Farm production Phosphorus usage by solution 
region WlClSl W2C1S1 W1C2S1 W1C1S2 TRENDl.O TREND1.2 
(1,000 short tons) 
Northeast 26.1 31.8 31.8 32.9 31.8 32.6 
Appalachian 72.6 84.7 72.2 77.3 77.6 77.5 
Southeast 69.1 76.5 89.1 103.5 101.9 105.9 
Delta States 46.1 60.3 58.8 61.5 64.5 71.5 
Corn Belt 486.6 553.1 609.3 513.3 563.6 563.7 
Lake States 133.4 155.9 152.5 152.2 166.7 187.8 
Northern Plains 278.1 390.9 280.9 301.4 325.5 433.0 
Southern Plains 126.5 155.8 150.6 164.2 164.5 189.1 
Mountain 71.1 81.7 71.1 69.3 81.7 98.3 
Pacific 30.2 30.5 30.2 31.6 31.2 37.2 
United States^ 1,339.7 1,621.4 1,546.5 1,506.9 1,608.7 1,796.8 
^Totals may not equal the summations over regions because of rounding. 
Table 84. Potassium usage by farm production region for crops in the 150 producing areas under 
trend fertilization 
F arm production Potassium usage by solution 
region WlClSl W2C1S1 W1C2S1 W1C1S2 TRENDl.O TBENDl.2 
(1,000 short tons) 
Northeast 45.2 56.1 56.1 62.5 56.1 59.6 
Appalachian 156.4 170.6 161.9 172.8 173.4 172.9 
Southeast 164.1 179.0 206.9 239.5 235.6 243.3 
Delta States 92.1 113.1 114.9 126.0 126.6 132.4 
Com Belt 860.8 963.2 1,063.0 944.3 1,013.4 1,082.5 
Lake States 157.1 177.3 190.5 211.6 226.3 274.0 
Northern Plains 251.2 288.9 260.0 255.6 265.1 289.0 
Southern Plains 142.6 167.5 166.7 178.5 180.4 199.1 
Mountain 40.0 51.1 39.9 41.9 51.2 57.5 
Pacific 70.3 65.1 70.3 71.3 70.7 121.4 
United States^ 1,979.4 2,231.9 2,330.4 2,303.9 2,398.7 2,631.1 
totals may not equal the summations over regions because of rounding. 
Table 85. Nitrogen usage by farm production region for crops in the 150 producing areas under 
limited fertilization 
Farm production Nitrogen usage by solution 
region LWlClSl LW1.5C1S1 LW1C2S1 LWlClSl.5 LTRENDO.9 
(1,000 short tons) 
Northeast 72.6 67.6 69.8 69.4 70.0 
Appalachian 139.9 132.6 141.6 127.1 130.9 
Southeast 154.7 151.8 177.5 132.8 147.3 
Delta States 180.3 194.1 183.7 163.4 180.5 
Corn Belt 1,083.9 1,100.8 1,158.4 954.5 1,033.9 
Lake States 301.8 379.0 433.7 382.9 415.8 
Northern Plains 790.4 928.6 905.6 868.1 926.2 
Southern Plains 404.3 412.4 422.3 412.1 421.6 
Mountain 130.5 928.6 170.4 148.9 214.7 
Pacific 124.8 123.9 123.5 124.8 123.1 
United States^ 3,382.9 3,662.3 3,786.6 3,384.1 3,663.8 
^Totals may not equal the summations over regions because of rounding. 
Table 86. Phosphorus usage by farm production region for crops in the 150 producing areas under 
limited fertilization 
Farm production Phosphorus usage by solution 
region LWlClSl LW1.5C1S1 LW1C2S1 LWlClSl.5 LTREND0.9 
(1,000 short tons) 
Northeast 30.8 30.8 31.3 31.3 31.2 
Appalachian 49.3 48.6 48.9 46.9 48.6 
Southeast 54.5 62.5 62.2 67.8 72.1 
Delta States 53.5 57.2 61.5 55.7 60.4 
Com Belt 439.1 441.1 443.3 412.8 428.6 
Lake States 114.8 143.5 151.4 144.7 149.5 
Northern Plains 192.0 264.7 255.1 245.7 276.5 
Southern Plains 98.8 101.4 103.4 100.8 109.3 
Mountain 55.3 68.9 58.1 57.8 73.2 
Pacific 22.8 23.4 23.8 22.8 26.1 
United States^ 1,111.1 1,242.1 1,239.4 1,186.1 1,275.3 
^Totals may not equal the summations over regions because of rounding. 
Table 87. Potassium usage by farm production region for crops in the 150 producing areas under 
limited fertilization 
Farm production Potassium usage by solution 
region LWlClSl LW1.5C1S1 LW1C2S1 LWlClSl.5 LTREND0.9 
(1,000 short tons) 
Northeast 54.8 54.6 58.5 55.9 55.6 
Appalachian 88.9 86.7 89.8 81.7 85.8 
Southeast 128.5 143.3 144.2 153.0 160.9 
Delta States 109.3 113.8 116.4 113.0 117.0 
Com Belt 852.0 846.8 869.5 851.2 865.7 
Lake States 140.0 179.3 197.8 202.4 209.7 
Northern Plains 178.7 208.2 196.2 193.0 200.7 
Southern Plains 73.4 74.8 78.2 76.4 80.3 
Mountain 35.3 44.5 36.4 37.1 47.3 
Pacific 49.1 49.3 49.5 49.1 56.9 
United States* 1,709.9 1,801.3 1,836.5 1,812.8 1,879.8 
^Totals may not equal the summations over regions because of rounding. 
Table 88. Average nitrogen application rates for all com acres in the 150 producing areas under 
trend fertilization on a farm production region basis 
Farm production Nitrogen rates according to solution 
region WlClSl W2C1S1 W1C2S1 W1C1S2 TKENDl.O TREND1.2 
(pounds per acre) 
Northeast 84.0 56.5 56.5 56.5 56.5 56.5 
Appalachian 187.9 187.9 190.8 184.7 184.7 188.6 
Southeast 137.2 137.3 137.6 137.9 137.7 141.0 
Delta States 103.9 103.9 103.9 102.9 103.6 103.9 
Com Belt 140.0 144.9 144.3 146.4 141.6 145.4 
Lake States 108.1 108.0 111.7 103.3 110.6 112.9 
Northern Plains 257.8 247.8 254.9 242.8 245.8 231.7 
Southern Plains 303.0 303.1 302.9 303.6 303.3 288.6 
Mountain 130.5 130.2 131.2 130.3 132.4 136.6 
Pacific 136.2 136.2 136.2 137.8 138.0 136.1 
United States 164.5 164.4 162.3 165.4 160.6 165.2 
Table 89. Average nitrogen application rates for all wheat acres in the 150 producing areas under 
trend fertilization on a farm production region basis 
Farm production 
region 
Nitrogen rates ac cordins to solution 
WlClSl W2C1S1 W1C2S1 W1C1S2 TRENDl.O TREND1.2 
(pounds per acre) 
Northeast 32.8 32.8 32.8 28.8 32.8 35.5 
Appalachian 45.1 45.8 45.1 45.7 45.6 46.6 
Southeast a 17.8 — — — 18.2 18.2 21.9 
Delta States 71.4 61.3 71.4 58.8 62.7 64.4 
Corn Belt 51.3 48.5 51.7 50.3 50.7 56.8 
Lake States 46.1 43.1 46.2 46.3 44.6 46.7 
Northern Plains 48.7 39.8 49.9 50.9 48.7 36.4 
Southern Plains 57.1 38.7 43.9 34.3 34.1 35.5 
Mountain 27.5 31.8 27.5 26.8 30.7 32.4 
Pacific 39.5 40.9 39.5 39.5 40.0 40.3 
United States 45.2 41.4 45.0 43.0 43.3 39.1 
^o wheat production in this region. 
Table 90. Average nitrogen application rates for all corn acres in the 150 producing areas under 
limited fertilization on a farm production region basis 
Farm production Nitrogen rates according to solution 
region LWlClSl LW1.5C1S1 LW1C2S1 LWlClSl.5 LTBENDO 
(pounds per acre) 
Northeast 45.4 45.7 44.3 45.4 45.4 
Appalachian 48.2 48.1 48.3 48.0 48.0 
Southeast 49.2 49.0 49.3 48.9 49.1 
Delta States 41.9 41.9 42.6 42.0 41.9 
Corn Belt 49.0 49.0 49.1 49.0 49.0 
Lake States 48.1 48.6 48.8 48.7 49.0 
Northern Plains 49.4 47.5 48.3 47.8 48.4 
Southern Plains 49.3 50.0 49.4 49.3 50.0 
Mountain 45.8 46.4 47.0 46.4 47.8 
Pacific 48.2 48.2 48.2 48.2 48.5 
United States 48.7 48.6 48.6 48.5 48.7 
Table 91. Average nitrogen application rates for all wheat acres in the 150 producing areas under 
limited fertilization on a farm production region basis 
Farm production Nitrogen rates accordinR to solution 
region LWlClSl LWl.SClSl LW1C2S1 LWlClSl.5 LTREND0.9 
(pounds per acre) 
Northeast 34.6 33.1 32.4 34.2 34.6 
Appalachian 44.3 43.6 45.4 42.4 43.6 
Southeast 33.8 34.4 33.0 32.6 33.4 
Delta States 33.6 34.6 27.6 33.3 35.4 
Com Belt 40.3 41.5 42.0 39.1 40.0 
Lake States 43.9 42.7 45.7 44.7 46.3 
Northern Plains 41.9 36.3 36.7 36.7 34.2 
Southern Plains 23.4 23.9 22.9 22.8 25.9 
Mountain 25.1 27.1 30.7 26.3 27.1 
Pacific 36.9 35.9 35.3 36.9 35.3 
United States 37.2 35.5 35.7 35.1 34.1 
